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ABSTRACT
Many Gulf Coast Chenier Plain marshes are managed through a combination of winter burning 
and structural marsh management (SMM) to improve habitats for waterfowl and furbearers and reduce 
wetland loss. These practices are controversial because of concerns regarding ability to achieve goals 
coupled with potential negative effects on other marsh processes or organisms. I investigated the effects 
of winter burning and SMM on bird and plant communities of Chenier Plain marshes in southwest 
Louisiana. I recorded bird and plant species abundance and vegetation structure in experimental burned 
and unbumed marshes over two winters and three breeding seasons.
Vegetation structure (visual obstruction, percent cover) differed between management types 
(impounded or unimpounded marshes), resulting in differences in bird species composition and 
abundance. Sparrows were much more abundant in unimpounded than impounded marshes in winter 
and summer. Birds associated with open water or mudflats generally were more abundant in impounded 
than in unimpounded marshes.
Winter burning immediately but temporarily changed vegetation structure and consequently 
bird species composition and abundance. Sparrows and wrens were rare or absent from burned plots 
during the first post-bum winter (January-February). Icterids were more abundant in burned than in 
unbumed plots. Bird species absent from burned plots during the first post-bum winter recolonized 
these plots by the first post-bum summer (April-June), coinciding with recovery of vegetation structure 
to pre-bum conditions. Sparrow abundance in burned plots exceeded abundance in unbumed plots in 
the second post-bum summer.
Winter burning did not affect plant species composition. During all three years, live above­
ground plant biomass was higher in burned than in unbumed plots. Total above-ground and dead 
vegetation biomass were lower in burned than in unbumed plots for several years following burning. 
Plant species diversity was higher in unimpounded marshes. Below-ground vegetation biomass was 
lower in impounded than in unimpounded marshes
Chenier Plain management practices (winter burning and structural marsh management) 
implemented for one purpose (i.e., waterfowl foraging habitat) can affect other marsh organisms and
v
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processes. These effects can be reduced by varying the timing, frequency, and extent of management 
bums and by maintaining a diverse complex o f impounded and unimpounded marshes.
vi
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CHAPTER 1. INTRODUCTION
The Chenier Plain of the northern Gulf of Mexico encompasses 1295 km2 of coastal marsh 
from Vermilion Bay, Louisiana, to East Bay, Texas (Gosselink 1979). Many of these marshes, 
particularly in Louisiana, are intensively managed through the use of controlled burning (usually during 
fall or winter) and structural marsh management (hereafter SMM), i.e., construction of impoundments, 
weirs, and other water-control structures (Cowan et al. 1988, Chabreck et al. 1989). Winter burning has 
been a management tool since the early 1930s (Lynch 1941, O'Neil 1949, Nyman and Chabreck 1995). 
Through controlled burning, management personnel aim to (1) improve habitat for wintering waterfowl 
and furbearers by encouraging production of preferred food plants (particularly Scirpus spp.) and by 
removing less desirable plants; (2) reduce the likelihood of potentially damaging wildfires by removing 
litter, or (3) facilitate access for hunters and trappers (Lynch 1941, Nyman and Chabreck 1995). 
Structural marsh management became common beginning in the 1940s (Nyman et al. 1990). Through 
structural marsh management, managers alter water levels and salinities to achieve the following goals: 
(1) prevent encroaching isohaline lines from progressively changing the distribution of marsh types; (2) 
encourage production of preferred waterfowl food plants; (3) create or maintain open-water areas; (4) 
reduce or prevent loss of existing marshes to erosion and sea-level rise; (5) create new emergent 
wetlands; or (6) provide for ingress and egress of selected estuarine organisms (Wicker et al. 1983, 
Cowan et al. 1988, Chabreck et al. 1989, Berry and Voisin 1989, Nyman et al. 1990, Michot 1996, US 
Environmental Protection Agency 1998). Goals vary among marshes depending on the needs of the 
landowner or agency.
Current marsh management practices are controversial because of uncertainty in the ability to 
achieve these goals coupled with unanticipated negative effects on non-target plants or animals, and a 
shift in priorities from winter waterfowl and furbearer management to maintaining or creating marsh 
area and restoring natural hydrologic processes. Recently, the scientific and management communities 
have begun to evaluate the effectiveness and assess unintended effects of winter burning and SMM on 
many aspects of the marsh ecosystem (Wicker et al. 1983, Cowan et al. 1988, Chabreck et al. 1989,
Berry and Voisin 1989, Nyman et al. 1990, Nyman et al. 1993, Rogers et al. 1994, Michot 1996, US
1
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Environmental Protection Agency 1998). However, the effects of winter burning and SMM on plant and 
bird communities presently have received little attention. Thus, my objectives were to (1) compare 
vegetation characteristics and relative abundances of marsh birds over 2 winters following a winter bum 
in managed and un managed marshes (2) compare vegetation characteristics and relative abundances of 
marsh birds over 3 breeding seasons following a winter bum in managed and unmanaged marshes; (3) 
compare above- and below-ground biomass over 3 years in managed and unmanaged marshes following 
a winter bum; (4) compare Seaside Sparrow abundance and productivity 1 year before and 2 years alter 
a winter bum; and (5) compare predation rates on artificial nests before and alter a winter bum. 
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CHAPTER 2. EFFECTS OF WINTER BURNING AND STRUCTURAL MARSH 
MANAGEMENT ON VEGETATION AND WINTER BIRD ABUNDANCE IN THE GULF
COAST CHENIER PLAIN, USA
INTRODUCTION
The Chenier Plain of the Gulf of Mexico encompasses 129S km2 of coastal marsh from 
Vermilion Bay, Louisiana to East Bay, Texas (Gosselink 1979). Many of these marshes are managed 
intensively to reduce marsh loss and to improve habitat quality of existing marshes for wildlife, 
especially waterfowl (Anatidae). Two commonly applied techniques are controlled burning (usually 
during fall or winter) and structural marsh management (hereafter SMM), i.e., the use of impoundments 
and water-control structures (Cowan et al. 1988, Chabreck et al. 1989). Winter burning has been a 
management tool since the early 1930s (Lynch 1941, O'Neil 1949); SMM became common beginning in 
the 1940s (Nyman et al. 1990). Recently, the scientific and management communities have begun to 
evaluate the effectiveness and assess impacts of winter burning and SMM on the marsh ecosystem 
(Boesch et al. 1983, Wicker et al. 1983, Monatague et al. 1987, Cowan et al. 1988, Nyman et al. 1990, 
Rogers et al. 1994, Nyman and Chabreck 1995, Bryant and Chabreck 1998, US Environmental 
Protection Agency 1998).
The importance of winter habitat for avian conservation has been the focus of many recent 
research efforts (e.g., Smith et al. 1989, Hagan and Johnston 1992, Sheny and Holmes 1992). Chenier 
Plain marshes provide winter habitat for more than two-thirds of the Mississippi Fly way waterfowl 
population (Bellrose 1980, Michot 1996) and numerous other bird species (Lowery 1974, Gosselink 
1979, Bettinger 1984, Root 1988). Many of these species are restricted to coastal marshes during winter 
(e.g., Nelson’s Sharp-tailed Sparrow \Ammodramus nelsoni], Greenlaw and Rising 1994) or throughout 
the year (e.g., Seaside Sparrow [A. maritimus], Post and Greenlaw 1994). Several species that winter 
along the Gulf Coast (e.g., Sedge Wren, [Cistothorus platensis]) are considered “species of management 
concern” in parts of their ranges (Gibbs and Melvin 1992). The distribution and abundance of birds that 
winter in Chenier Plain marshes could be affected by current management practices.
Burning influences characteristics of the plant community, including species composition, 
cover, and vertical structure (Whelan 1995). Impoundment construction alters the hydrology (water
4
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depth, frequency and duration of inundation, and salinity) of a marsh, which in turn influences the 
interspersion of open water and emergent vegetation, plant species composition, and diversity of plant 
communities (Chabreck and Junkin 1989). Vegetation structure is an integral component of avian 
habitat selection (Morse 1985, Delisle and Savidge 1997); thus, plant community changes caused by 
management practices are predicted to influence bird species composition and relative abundance.
Bird species composition often changes after a fire and may continue to change for some time 
(Vogl 1973, Bendell 1974, Breininger and Schmalzer 1990, Whelan 1995). The post-fire community 
may lack some species present before burning and may contain others previously absent Relative 
abundances of species also may change as well (e.g., Recher et al. 1985, Brooker and Rowley 1991, 
Herkert 1994). In addition, bird communities may differ between impounded and unimpounded 
marshes. Ducks, wading birds, and shorebirds often are more abundant in impounded marshes than in 
nearby unimpounded areas (Chabreck et al. 1974, Epstein and Joyner 1986, Weber and Haig 1996, 
Gordon et al. 1998). However, these studies considered only birds that forage in open water or on 
mudflats and did not include passerines that use emergent vegetation. I examined effects of 
experimental bums and impoundments on vegetation characteristics and bird abundance during winter 
in the Gulf Coast Chenier Plain. My analysis focuses on comparisons made immediately following 
burning and again after 1 growing season.
STUDY AREA AND METHODS
I chose Rockefeller State Wildlife Refuge (RWR) in southwestern Louisiana as a representative 
area of the Gulf Coast Chenier Plain (Figure 2.1). RWR, a 30,700 ha area managed by the Louisiana 
Department of Wildlife and Fisheries (LDWF) in Cameron and Vermilion parishes, is bordered by 
Louisiana Highway 82 on the north and the Gulf of Mexico on the south. RWR consists of 17 marsh 
units (impoundments) ranging in size from 200 to >4,000 ha (Wicker et al. 1983) and approximately 
11,700 ha of tidally influenced, unimpounded marshes. Most impoundments were constructed during 
the late 1950s and are separated by a network of canals. Management bums on RWR are conducted on 
a 3-year rotation, with approximately one-third of the refuge area burned during a single fall/winter
5
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Figure 2.1. Map of southern Louisiana and southeastern Texas showing location of Rockefeller State 
Wildlife Refuge and approximate locations of 14 burned and unbumed sampling station pairs. Solid 
lines within the refuge boundary represent major levees. Solid and shaded symbols indicate stations in 
unimpounded and impounded marsh, respectively. Empty symbols indicate impounded stations from 
which data was collected in 1996 only.
6
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(October - February). Lightning-ignited fires occur frequently on RWR, usually from June - August (0-3 
fires/year during 1993-1995, T. J. Hess, unpubl. data).
Marsh types on RWR range from a band of saline marsh along the Gulf Coast, a band of 
brackish marsh further inland, and intermediate marsh still further inland (Chabreck 1970, Chabreck 
and Linscombe 1988). Saline marsh (salinity >10 ppt) is dominated by Spartina alterniflora, S. patens, 
and Distichlis spicata. Brackish marsh (5-10 ppt) is characterized by S. patens, D. spicata, and Scirpus 
spp. Intermediate marsh (1-5 ppt) is dominated by Spartina patens (Chabreck 1970, Chabreck 1972, 
Chabreck and Linscombe 1988). The small area of fresh marsh (salinity <1 ppt) on RWR was not 
included in my study. Impounded marshes in my study were intermediate or brackish; unimpounded 
marshes were exposed to tidal action of the Gulf and were brackish or saline.
Using vegetation-type and fire-history maps of RWR, I selected study marshes that met the 
following criteria: (1) minimum area of 100 ha of emergent vegetation with little open water, (2) 
presence of a firebreak (i.e., bayou, canal), (3) homogeneous marsh type and fire history within an area, 
(4) site accessibility, and (5) absence of other research or structures that potentially could be damaged by 
fire. I selected 15 suitable areas, 1 in each of 9 impoundments and in 6 unimpounded areas (Table 2.1). 
Three impounded areas were in brackish marsh and 6 were in intermediate marsh. Three unimpounded 
areas were in brackish marsh and 3 in saline marsh.
I used a split-plot experimental design (Sokal and Rohlf 1981), in which each >100 ha area 
(the whole-plot) was divided into 2 tracts, each >50 ha (the split-plots), with a firebreak as the dividing 
line. I randomly assigned bum treatment to 1 side of each firebreak. A 100 m x 100 m sampling station 
was located randomly within each tract using a gridded USGS topographic map. Distance between 
paired stations ranged from 0.5 to 3.5 km and was less than 1 km for all but 2 pairs (Figure 2.1). 
Sampling stations consisted of (1) 4 100-m transects arranged in a square, along which vegetation data 
were collected at 10-m intervals (40 vegetation points/station), and (2) a 0.4-ha (100 m x 40 m) section 
of the 100 m x 100 m square within which bird surveys were conducted. The 0.4-ha section was marked 
with conduit pipe at 20-m intervals along the longer centerline. Conduit pipes were placed in position 
before burning.
8
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Unit 1 1 Impounded Intermediate 506 90 25
Unit 2 Impounded Intermediate 567 80 100
Unit 3 1 Impounded Intermediate 1498 50 75
Unit 4 Impounded Intermediate 2299 50 50
Unit 14 2 Impounded Intermediate 971 0 0
Unit 15 Impounded Intermediate 364 50 200
Unit 5 3 Impounded Brackish 1983 95 125
Unit 6 Impounded Brackish 5463 99 75
Price Lake Impounded Brackish 4047 100 1000
Big Constance Unimpounded Saline 90 250
E. Little Constance Unimpounded Saline 95 400
Parra Bayou Unimpounded Brackish 35 100
Rollover Bayou Unimpounded Saline 60 400
School Board Unimpounded Brackish 95 400
Tower Unimpounded Brackish 95 225
1 Plot was accidentally burned during March 1996 and was excluded from some analyses (see Methods).
2 Plot did not bum and was excluded from all analyses.
3 Plot was accidentally burned during September 1996 and was excluded from some analyses.
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Assigned tracts were burned on 9-11 and 13 December 1995 and 9 Januaiy 1996. These were 
the only times I burned m arshes during the study. One tract (Unit 14) did not bum (Table 2.1), and a 
suitable replacement area was not available in this impoundment. Consequently, those 2 sampling 
stations were excluded from the study. One control sampling station (Price Lake) was burned 
accidentally when fire advanced beyond the firebreak; this station was relocated to an unbumed area 
about 100 m from the bum edge within the same impoundment. One unimpounded tract assigned to be 
burned (School Board) did not bum and was relocated to another location that burned from the fire for 
another tract (East Little Constance). These 2 burned stations were >700 m apart Two pairs of stations 
in intermediate impoundments were burned unintentionally on 22 March 1996 when ashes were blown 
from a bum on property adjacent to RWR, igniting vegetation in the impoundments (Table 2.1). A third 
pair in a brackish impoundment burned on 13 September 1996 as a result of another research crew’s 
airboat backfiring (Table 2.1). Consequently, I collected and analyzed data from 14 pairs of plots in 
1996 and 11 in 1997.
Fires were either head or backfires and were conducted with approximately 5 cm of water over 
the marsh surface. Total area burned by each fire was determined by locating burned areas relative to 
landmarks (bayous, lakes, ditches, levees, etc.) from either airplane or airboat and then plotting 
locations on a USGS topographic map. On the first post-fire visit to each plot, I visually estimated the 
percent of the plot that was burned (+ 5%).
Vegetation Characteristics
I collected vegetation data at each station during winter (Januaiy-February) of 1996 and 1997. 
At each of 40 points in a station, 1 measured visual obstruction (an index to plant height and density) 
following methods described by Robel et al. (1970). A 3-m pole marked at 0.1-m intervals was placed 
vertically at the vegetation point. The observer stood 4 m to the south and, with eye level at 1 m above 
the ground, recorded the lowest interval on the pole that was not completely obscured by vegetation. 
Percent of ground cover (all species combined and by individual species) at each point was determined 
by laying a 1-m pole marked at 0.1-m intervals on the ground and determining the percent of the pole 
covered (Chabreck et al 1985). I categorized all rooted dead vegetation as a single species because of
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
difficulties in identifying dead material Cover classes were 7 (76-100%), 6 (51-75%), 5 (26-50%), 4 (6- 
25%), 3 (1-5%), 2 (few steins), and 1 (single stem) (Mueller-Dambois and Ellenberg 1974). Points 
located in a pond or unvegetated mud were given visual obstruction and cover scores of 0. To calculate 
mean values for categorical data, I converted cover classes to a continuous response using the midpoint 
of the class (i.e., Class 7 = 87.5%, Class 6 = 62.5, Class 5 = 37.5, Class 4 = 15, Class 3 = 2.5, and 
Classes 1 and 2 = 0.5 [Agresti 1996, Pahl et al. 1997]). I calculated the mean visual obstruction score 
and mean cover class midpoint at each station and described relative cover of plant species by 
calculating the mean cover class midpoint for each species at each station.
Bird Surveys
I surveyed birds 3 times at each 0.4-ha section between 6 January and 12 February 1996 and 
again between 16 January and 22 February 1997 (6 total surveys/station). My experimental stations 
were accessible only by airboat Through experience, I determined that most birds did not flush until the 
airboat had approached within 100 m. In feet most passerines and rails did not flush until the airboat 
approached within 5 m (pers. obs.). To record birds that may have flushed from the study plots due to 
engine noise, I stopped the airboat 100 m from the 0.4-ha section and recorded any birds visible within 
the boundaries. I then recorded any additional birds that flushed as I drove to within 20-30 m of the plot 
boundary. At this point, I shut off the engine and walked to the plot, recording any additional birds that 
flushed from within the plot. Next, the observer slowly walked through the 0.4-ha section 4 times, 
beginning 15 m N of the center line, then 5 m N, 5 m S, and 15 m S of the center line, recording species 
and numbers of birds seen or heard within the boundaries. I used this method (instead of point counts) 
because secretive species (e.g., sparrows, wrens, and rails) were relatively inactive and not readily 
detected by stationary observers. Individuals often did not flush unless the observer approached within 
5 m. I carefully noted location and direction that each flushed bird traveled to minimize repeated 
counting of the same individual. Birds perched on conduit pipes were recorded as present in the station. 
One observer conducted all surveys during 1996; a second observer conducted all surveys during 1997. 
Both observers were experienced field ornithologists. In addition, most detections were the result of the 
bird flushing in response to the approaching observer and not due to auditory or other cues, the detection
11
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of which depends on the observer’s skill. Thus, I assumed that there was no observer bias in my 
statistical models. Surveys averaged 13 minutes in duration (range = 8-19, S.E. = 3, n = 150).
I completed most (61%, n = 150) bird surveys by 1100 hrs, but weather conditions and logistic 
constraints required that some surveys be conducted later. However, all were completed by 1500 hr. 
Surveys were not conducted when wind was >20 km/hr or in fog or steady rain. I conducted surveys at 
biweekly intervals, using a stratified random scheme. Strata consisted of 2-6 pairs of stations that were 
within 30 minutes travel time. During each survey period (2-week interval), group order, pair order, 
and station order within pairs were randomly assigned. Paired stations usually were surveyed within 20 
minutes of each other (range = 6-96 minutes).
A common management goal of burning in the Chenier Plain is to attract Lesser Snow Geese 
(Chert caerulescens caerulescens)-, consequently, I recorded numbers and distribution of "white geese" 
(Lesser Snow and Ross's geese [Chen rossii]) present on RWR during the 1995-1996 winter, 
immediately following the experimental bums. White goose use of burned and unbumed marshes was 
recorded during 5 aerial surveys between 14 December 1995 and 12 February 1996 using a fixed-wing 
aircraft flying at 285 m altitude and 185 km/hr. When a flock of geese was sighted, I estimated size and 
noted whether it was in a burned or unbumed area and in an impounded or unimpounded marsh. Given 
the altitude of the aircraft, I am confident that all white geese present on RWR were detected during 
each flight
Statistical Analysis
I analyzed vegetation response variables (mean visual obstruction, mean percent cover) with a 
split-plot ANOVA (Proc. GLM, SAS Institute 1990). Management type was the whole-plot effect bum 
treatment was the split-plot effect and winter (Januaiy-Februaiy of 1996 and of 1997) was the repeated 
measure. I analyzed bird abundance responses (number of individuals/survey for all birds, and for 
icterids, wrens, and sparrows separately) similarly to vegetation data but with the addition of survey 
period (1,2, or 3) as an additional repeated measure. Mean visual obstruction scores and bird 
abundance data were log-transformed before analysis (logio[Y+l], Sokal and Rohlf 1981) to meet 
assumptions for parametric procedures; means and confidence intervals are reported here as back-
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transformed values. When a significant effect was detected, I conducted pairwise comparisons using the 
LSMEANS option (Proc. GLM, SAS Institute 1990). Only 11 paired stations with 2 winters of data 
were considered in ANOVAs of vegetation characteristics and numbers of birds.
I compared frequencies of occurrence for common bird species (i.e., species recorded on >5% of 
all surveys) with Jt2 tests (Sokal and Rohlf 1981) using Proc. FREQ (SAS Institute 1990). I included 
data from all 14 pairs of stations in analyses of frequency of occurrence of bird species.
RESULTS
Site Characteristics
The estimated area of each bum ranged from 25 to 1000 ha (Table 2.1). Vegetation at most 
stations did not bum completely, and there were numerous scattered clumps of unbumed vegetation, 
often present as halos surrounding small potholes or puddles. Thirteen of the 14 plots were >50% 
burned; 9 plots were >80% burned (Table 2.1).
Vegetation Characteristics
Spartina patens, dead vegetation, and Distichlis spicata were the dominant plant species (Table 
2.2). Minor species included Spartina altemijlora, Scirpus robustus, Scirpus califomicus, Spartina 
cynosuroides. Aster spp., Typha spp. and Bacchants spp. As expected, all species had low percent cover 
scores at burned stations in 1996, reflecting that much of the vegetation had been removed by fire.
Typha spp. and Scirpus califomicus were present only in intermediate impoundments (Typha in Units 
15 and 4; Scirpus in Units 1, 2, 3,4). Spartina cynosuroides was present only in unimpounded marshes. 
Spartina altemijlora was absent from intermediate impoundments.
Vegetation characteristics differed between bum treatments and between management types.
The burn treatment x winter interactions were significant in analyses of visual obstruction and percent 
cover (P < 0.05, Table 2.3). Visual obstruction (Figure 2.2A) and percent cover (Figure 2.2B) were 
lowest at burned stations immediately following burning in 1996, but neither differed between burned 
and unbumed stations the following winter. Management type x winter interactions were significant (P 
< 0.05, Table 2.3) in analyses of visual obstruction and percent cover. Visual obstruction was lower in 
unimpounded than in impounded stations in 1996 but did not differ between management types in 1997
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Table 2.2. Mean percent cover scores for 3 dominant plant species recorded in burned or unbumed plots 
in impounded (Imp.) or unimpounded (Unimp.) marshes during January of 1996 and 1997 on 
Rockefeller State Wildlife Refuge in southwest Louisiana.
Species
1996 1997
Burned Unbumed Burned Unbumed
Imp. Unimp. Imp. Unimp. Imp. Unimp. Imp. Unimp.
Spartina patens 1.0 0.7 14.3 1.4 28.3 58.8 22.9 19.2
Dead vegetation 4.5 2.9 68.0 69.0 60.6 35.1 76.3 75.0
Distichlis spicata 0.0 0.0 0.5 0.7 2.0 11.2 1.3 5.0
Total species 1 6 4 6 6 8 5 7 6
1 Includes species with mean percent cover scores <1% (Spartina altemijlora, Scirpus robustus, Scirpus 
califomicus, Spartina cynosuroides, Aster spp., Typha spp. and Baccharus spp.).
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Table 2.3. Summary of split-plot ANOVAs examining responses of vegetation characters to 
management type (impounded or unimpounded) and bum treatment (burned or unbumed) during 2 
winters on Rockefeller State Wildlife Refuge in southwest Louisiana.
Source1 df
Visual Obstruction % Total Cover
M S2 F P MS F P
M 1 0.081 7.48 0.02 28.85 0.12 0.73
A(M)3 9 0.011 233.10
W 1 0.35 56.55 <0.01 2405.67 34.74 <0.01
W XM 1 0.031 5.00 0.05 667.10 9.63 0.01
W X A(M)4 9 0.0061 69.25
B 1 0.31 44.70 <0.01 2670.49 9.37 <0.01
B X M 1 0.0035 0.51 0.48 46.64 0.16 0.69
BX W 1 0.46 65.94 <0.01 1490.13 5.23 0.03
BX W XM 1 0.00016 0.02 0.88 166.02 0.58 0.46
Residual error 5 IS 0.0069 285.05
1M = management type, A = area (100 ha), W = winter, B = bum treatment.
2 Mean squares.
3 M main effect tested with A(M) mean squares.
4 W and W X M tested with W X A(M) mean squares.
5 All factors that include bum treatment were tested with residual error mean squares.
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Figure 2.2. Visual obstruction (A) and percent cover (B) of vegetation in burned and unburned marshes 
during 2 winters at Rockefeller State Wildlife Refuge, southwestern Louisiana. Experimental bums 
were conducted during December 1995-Januaiy 1996. Error bars represent 95% confidence intervals.
16
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(Figure 2.3A). Visual obstruction scores of both management types were higher in 1997 than in 1996 
(Figure 2.3A). Percent cover was lower for unimpounded stations in 1996 than in 1997 but did not 
differ between winters in impounded stations (Figure 2.3B).
Bird Surveys
I identified 24 bird species, 8 of which were common (i.e., recorded on >5% of all surveys, 
Table 2.4). Winter burning affected frequencies of occurrence of several bird species. In 1996, Boat- 
tailed Grackles (Quiscalus major) were recorded more often in binned (40% of surveys) than unbumed 
stations (12%; Jt2 = 8.87, df = 1, P  < 0.01); however, they were rarely observed in 1997 (Table 2.4). In 
1996, Red-winged Blackbirds (Agelaius phoeniceus) were recorded twice as often in burned stations 
(24% of surveys) than in unbumed stations (10%), although this difference was not significant (Jt2 = 
3.09, df = 1, P = 0.08). Seaside Sparrows and Sedge Wrens were not recorded in burned stations during 
1996. In 1996, Marsh Wrens (Cistothorus palustris) were recorded more frequently in unbumed (43% 
of surveys) than in burned stations (10%; Jt2 = 12.07, df = 1 ,P <  0.01).
Three less common bird species also were affected by burning. In 1996, Common 
Yellowthroats (Geothlypis trichas) were absent from recently burned stations, and all 8 Nelson's Sharp- 
tailed Sparrows that I recorded in burned stations were found in a single station that had been burned 
only 60%. All of these individuals were observed in unbumed vegetation >20 m from a burned edge.
Six Swamp Sparrows (Melospiza georgiana) were recorded in burned stations in 1996 but only in 
stations in which 20-50% of the vegetation remained unbumed.
Management type also affected frequencies of occurrence for several bird species, particularly 
for sparrows. For both winters combined, Seaside Sparrows were recorded more often (31% of surveys) 
in unimpounded than impounded marshes (12%; 2® = 8.26, df = 1, P  < 0.01). I observed only 1 Seaside 
Sparrow in intermediate marsh. Nelson’s Sharp-tailed Sparrows were recorded only in unimpounded 
marshes, although they were observed at other times in brackish impoundments (pers. obs.). Red­
winged Blackbirds were recorded more often in impounded (23% of surveys) than unimpounded 
marshes (10%; Jt2 = 4.81, df = 1, P  = 0.03) when winters were combined.
18
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Figure 2.3. Visual obstruction (A) and percent cover (B) of vegetation in impounded and unimpounded 
marshes during 2 winters at Rockefeller State Wildlife Refuge, southwestern Louisiana. Error bars 
represent 95% confidence intervals.
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Table 2.4. Percent of surveys during which at least 1 individual of a species was encountered in burned or unbumed plots in impounded (Imp.) or unimpounded 
(Unimp.) marshes during 2 winters on Rockefeller State Wildlife F efuge in southwest Louisiana.
Species1 Total
1996 1997
Burned Unbumed Burned Unbumed
Imp. Unimp. Imp. Unimp. Imp. Unimp. Imp. Unimp.
Marsh Wren 22 17 0 46 39 20 17 33 0
Seaside Sparrow 21 0 0 21 *2 20 72 * 44
Sedge Wren 21 0 0 54 28 * 22 27 28
Red-winged Blackbird 17 25 22 13 * 33 11 33 0
Boat-tailed Crackle 16 29 56 8 17 0 * * 0
Swamp Sparrow 9 20 0 13 0 27 0 13 0
Nelson's Shaip-tailed Sparrow 8 0 22 0 * 0 28 0 11
Common Yellowthroat 7 0 0 17 0 33 0 13 0
Total birds *4 811 148 105 85 169 69 101 90 44
Total species3 24 9 5 8 10 8 8 12 4
Number of Surveys 150 24 18 24 18 15 18 15 18
1 Occurrences of positively identified individuals are reported (unidentified individuals were primarily wrens and sparrows).


















3 Includes species recorded on <5% of all surveys: Savannah Sparrow (Passerculus sandwichensis), American Coot (Fulica americana), Belted Kingfisher
(Ceryle alcyon), Common Moorhen (Gallinula chloropus), Gadwall (Anas strepera), Snowy Egret (Egretta (hula), Killdeer (Charadrius vociferus), Clapper Rail 
(Rallus longirostris), American Bittern (Botaurus lentiginosus), Great Egret (Ardea alba), Little Blue Heron (Egretta caerulea), Sora (Porzana Carolina), 
Virginia Rail (Rallus limicola), American Pipit (Anthus rubescens), Common Snipe (Gallinago gallinago), and Yellow Rail (Cotumicops noveboracensis).
4 Total number of birds includes individuals (n - 117) not identified to species.
For all species combined, numbers of birds/survey did not differ among management types, 
bum treatments, winters, survey periods, or any of their interactions (Table 2.5). Overall, I recorded 
3.04 birds/survey (95% C.I. = 2.50 - 3.67, n = 132). However, abundance of species groups differed 
between bum treatments and management types. Bum treatment x winter interactions were significant 
in analyses of icterids (P < 0.01) and wrens (P < 0.01, Table 2.5). Numbers of icterids/survey in burned 
stations in 1996 were approximately 4 times higher than in the same stations in 1997 or unbumed 
stations in both winters (Figure 2.4A). Numbers of wrens/survey were 13-16 times lower in burned 
stations in 1996 than in the same plots in 1997 or in unbumed stations in either winter (Figure 2.4B). 
The winter x management interaction was significant in the analysis of sparrows (P = 0.02, Table 2.5). 
Sparrows were much more abundant in unimpounded stations in 1997 than in 1996 or in impounded 
stations in either winter (Figure 2.5).
Goose Censuses
I recorded 10 flocks of white geese, ranging in size from 300 to 17,500 during 5 aerial surveys 
(Table 2.6). All white geese observed were associated with burned areas. Two flocks were in Unit 3 on 
or near a previously established grit site (Harris 1990), which was situated on a bumed-unbumed edge. 




As predicted, I found that burning affected vegetation characteristics (visual obstruction and 
percent ground cover) during the first winter and concomitantly, bird abundance and species 
composition. I observed that Red-winged Blackbirds and Boat-tailed Grackles prefer marsh that was 
recently burned. Icterids are highly gregarious; reduced visual obstruction in burned marshes may 
increase visual contact with conspecifics or allow for better detection of predators (Powell 1974). Also, 
Boat-tailed Grackles feed on aquatic animals throughout the year (Peterson et al. 1995); I frequently 
observed grackles foraging along pond edges or wading into shallow water over the marsh surface. 
Reduced ground cover in burned marshes may provide better visibility while searching for aquatic prey.
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Table 2.5. Summary of split-plot ANOVAs examining the number of birds/survey for all species combined and for common species groups in relation to 
management type (impounded or unimpounded) and bum treatment (burned or unbumed) during 2 winters on Rockefeller State Wildlife Refuge in southwest 
Louisiana.
Source1 df
All Species Icterids Wrens Sparrows
MS2 F P MS F P MS F P MS F P
M 1 0.015 0.06 0.81 0.0013 0.01 0.93 0.016 0.16 0.70 0.78 10.7 <0.01
A(M)3 9 0.23 0.18 0.10 0.072
W 1 0.053 0.38 0.55 1.03 5.65 0.04 0.35 21.05 <0.01 0.27 2.68 0.14
WXM 1 0.076 0.54 0.48 0.53 2.88 0.12 0.042 2.49 0.15 0.77 7.60 0.02
WXA(M)4 9 0.14 0.18 0.017 0.10
B 1 0.37 1.64 0.22 0.57 7.21 0.02 0.65 8.56 <0.01 0.27 2.25 0.15
BXM 1 0.14 0.61 0.44 0.17 2.10 0.16 0.16 2.06 0.17 0.12 0.94 0.39
BXW 1 0.19 0.82 0.38 0.78 9.83 <0.01 0.74 9.74 <0.01 0.30 2.45 0.14
BX WXM 1 0.13 0.56 0.46 0.072 0.91 0.35 0.039 0.52 0.48 0.030 0.24 0.63
BXWXA(M)5 18 0.23 0.079 0.076 0.12
P 2 0.051 0.47 0.63 0.0048 0.04 0.96 0.021 0.56 0.57 0.033 1.04 0.36
PXM 2 0.0046 0.04 0.96 0.055 0.44 0.65 0.023 0.62 0.54 0.030 0.96 0.39
PXW 2 0.026 0.24 0.79 0.038 0.30 0.74 0.011 0.30 0.74 0.010 0.32 0.73
PXB 2 0.19 1.71 0.19 0.18 1.46 0.24 0.039 1.03 0.36 0.074 2.33 0.10
PX WXM 2 0.044 0.41 0.67 0.015 0.12 0.89 0.018 0.48 0.62 0.0042 0.13 0.88
PXWXB 2 0.062 0.57 0.57 0.11 0.84 0.43 0.041 1.09 0.34 0.072 2.29 0.11


















All Species Icterids Wrens Sparrows
Source df MS F P MS F P MS F P MS F P
PXWXBXM 2 0.20 1.86 0.16 0.29 2.30 0.11 0.039 1.02 0.36 0.040 1.27 0.29
Residual error 6 72 0.11 0.13 0.038 0.032
1M = management type, A= area (100 ha), W = winter, B = bum treatment, P = survey period.
2 Mean squares.
3 M main effect tested with A(M) mean squares.
4 W and WXM tested with W X A(M) mean squares.
5 B main effect and interactions with W and M tested with B X W X A(M) mean squares.
6 All factors that include survey period were tested with residual error mean squares.
Figure 2.4. Number of birds/survey for icterids (A) and wrens (B) in burned and unbumed marshes 
dining 2 winters at Rockefeller State Wildlife Refuge, southwestern Louisiana. Experimental bums 
were conducted during December 1995-Januaiy 1996. Error bars represent 95% confidence intervals.
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Figure 2.5. Number of sparrows/survey in impounded and unimpounded marshes during 2 winters at 
Rockefeller State Wildlife Refuge, southwestern Louisiana. Error bars represent 95% confidence 
intervals.
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Table 2.6. Numbers of Lesser Snow and Ross's geese recorded during 5 aerial censuses on Rockefeller 
State Wildlife Refuge during December 1995-Februaiy 1996 following experimental bums.
Date of survey Flock size Location Burned Marsh type
Dec. 14 750 Rollover Bayou Yes Unimpounded-saline
Dec. 27 400 E. Little Constance Bayou Yes Unimpounded-saline
400 E. Little Constance Bayou Yes Unimpounded-saline
3000 E. Little Constance Bayou Yes Unimpounded-saline
6000 Unit5 Yes Unimpounded-saline
Jan. 9 700 Unit 3 - grit site No Impounded-intermediate
17500 Price Lake Yes Impounded-brackish
700 Unit 6 Yes Impounded-brackish
Feb. 6 3000 Price Lake Yes Impounded-brackish
Feb. 12 300 Unit 3 - grit site No Impounded-intermediate
30
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
For certain other wintering bird species, however, I found that habitat suitability of coastal 
marshes was reduced temporarily following winter burning. Species such as Seaside Sparrow, Nelson’s 
Sharp-tailed Sparrow, Marsh Wren, and Sedge Wren avoided areas in which little unbumed vegetation 
remained standing. However, these species recolonized burned areas in the second winter following 
burning, after plant cover had returned to pre-bum levels. Effects of this short-term loss of winter 
habitat on breeding populations are unknown, but I believe that they could be important, particularly if 
the population is small or restricted to a specific habitat For example, Baker (1973) documented a 
halving in the number of singing males of Dusky Seaside Sparrows (Ammodramus maritimus 
nigrescens) in Florida, presumably due to a lack of suitable cover following 2 extensive wildfires in a 
single winter. The use of ignition methods that remove nearly all emergent vegetation, along with 
repeated “clean-up” bums of patches of unbumed vegetation are common practices in some Texas Gulf 
Coast marshes (P. Walther, pers. comm.). My results indicate that scattered unbumed patches provide 
cover for small birds and should not be removed. Accordingly, I believe that a multi-year rotational 
burning program that creates a mosaic of burned and unbumed marshes can be used to achieve certain 
management objectives (i.e., waterfowl and furbearer habitat) and still provide suitable winter habitat for 
selected passerines.
One management goal of winter marsh burning is to attract wintering waterfowl, especially 
Snow Geese, and to promote growth of and improve access to preferred plant foods, especially Scirpus 
robustus and Scirpus americanus Pers. (= S. olneyi Gray) (Lynch 1941, O'Neil 1949). I observed that 
white geese (8 of 10 flocks) were attracted directly to burned marshes immediately following burning 
from December 1995 through February 1996. The remaining 2 flocks apparently were drawn to a 
bumed-unbumed edge by a grit site. However, my vegetation data contradict earlier observations 
regarding the use of fire to regenerate Scirpus spp. (Lynch 1941, O'Neil 1949, Chabreck 1981). In my 
study, both preferred Scirpus species were absent from all 28 sampling stations in January 1996.
Scirpus robustus was present in 3 of 22 stations (only 1 of which had been burned in 1996) during 
January 1997 (Table 2.2). My findings, that burning did not stimulate growth of either species, suggests 
that regeneration may be more strongly influenced by other environmental factors (temperature, soil
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moisture, season of burn, etc.) than by burning. I observed Snow Geese in burned marshes that 
apparently lacked either Scirpus species, indicating that presence of these 2 plants is not essential to 
attract geese. Wintering Snow Geese also feed on below-ground parts of Distichlis spicata and Spartina 
spp. (Lynch et al. 1947, Alisauskas et al. 1988), and I speculate that geese are attracted to burned 
marshes because the absence of above-ground vegetation facilitates access to subterranean plant parts, 
regardless of plant species.
The resiliency and rapid recovery of some plant communities following fire presumably are the 
result of an evolutionary history of exposure to fire (Abrahamson 1984). My finding that winter burning 
had only short-term effects on the Chenier Plain marsh plant and bird communities during winter is not 
surprising, given the frequent occurrence of natural lightning fires in this ecosystem (Nyman and 
Chabreck 1995). However, an important difference between my experimental bums and natural 
lightning fires is season of occurrence. I conducted my experimental bums during winter to mimic 
current management practices, whereas lightning fires occur mostly from June to August. Season of 
burning may influence plant species responses (Chabreck 1981, Mendelssohn et al. 1995) and 
consequently bird community responses. Also, my study plots were burned only in the first of the 2 
winters; the frequency at which a specific area of marsh is struck by lightning obviously is 
unpredictable. Future comparative studies of managed bums of different frequencies or seasonality with 
natural lightning fires would further our understanding the role of fire in Chenier Plain ecosystem 
function and evolution.
Structural Marsh Management
Birds associated with open water or mudflats (ducks, herons, and shorebirds) generally are 
more abundant in impounded marshes than in nearby “control” marshes because of differences in 
vegetation, water depth variability, invertebrate abundance, foraging substrate, and other factors 
(Chabreck et al. 1974, Weber and Haig 1996, Gordon et al. 1998). In contrast, I found that some 
passerine species, particularly sparrows, were more abundant in unimpounded than in impounded 
marshes. I observed most (>83%) Seaside Sparrows and all Nelson’s Sharp-tailed Sparrows in 
unimpounded marshes. Visual obstruction scores generally were lower in unimpounded stations,
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suggesting these species prefer shorter vegetation. Also, both species forage primarily on the ground 
(Greenlaw and Rising 1994, Post and Greenlaw 1994). Relatively high water levels maintained within 
impoundments during winter may inhibit sparrow foraging, and these species may require marshes in 
which the marsh surface periodically is exposed by tides. However, I observed Seaside Sparrows 
frequently in brackish impoundments during winter (particularly 1996), and breeding season densities 
exceed 10 birds/ha in other brackish impoundments on RWR (Chapters 4, S). Thus, attributes of the 
different marsh types (e.g., vegetation characters not measured in my study, salinity, invertebrate 
abundance, competitors) may influence abundance of these species as much as does management type. 
However, I was unable to separate the influence of marsh type and management type in my analysis 
because unimpounded intermediate and impounded saline marsh were not available on RWR. My 
findings that sparrows were much more abundant in unimpounded brackish or saline marshes than in 
impoundments suggest that measures other than impoundment construction (e.g., re-establishing natural 
sediment deposition processes [Gagliano 1994]) will be necessary to preserve or create appropriate 
winter habitat, given current marsh-loss trends in Louisiana.
My results and those of others (Chabreck et al. 1974, Weber and Haig 1996, Gordon et al.
1998) indicate that although many groups of bird species depend on Chenier Plain marshes for winter 
habitat, these groups differ in their specific habitat requirements. Consequently, I recommend that 
marsh managers maintain a diverse wetland complex (e.g., impoundments managed for waterfowl 
foraging habitat interspersed with those managed for passerine winter cover).
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CHAPTER 3. EFFECTS OF WINTER BURNING AND STRUCTURAL MARSH 
MANAGEMENT ON VEGETATION AND BREEDING SEASON BIRD ABUNDANCE IN THE
GULF COAST CHENIER PLAIN, USA
INTRODUCTION
Marshes of the Louisiana Gulf Coast comprise over 40% of the coastal marshes of the Atlantic 
and Gulf Coasts (Alexander et al. 1986). The total area of Gulf Coast marshes, however, has been 
declining because of natural (e.g., land subsidence, sea level rise, storms) and human-induced (e.g., 
commercial and residential development, altered hydrology) factors (Boesch et al. 1983, Alexander et al. 
1986, Mitsch and Gosselink 1993). Private, state, and federal landowners intensively manage these 
wetlands, primarily through controlled burning (usually during fall or winter) and structural marsh 
management (i.e., construction of impoundments, weirs, and other water-control structures) to reduce 
wetland erosion, and to improve quality of existing marshes as habitat for waterfowl, furbearers, and 
other wildlife (Lynch 1941, O'Neil 1949, Wicker et al. 1983, Cowan et al. 1988, Berry and Voisin 1989, 
Chabreck et al. 1989, Nyman et al. 1990, Nyman and Chabreck 1995, Michot 1996, U. S. 
Environmental Protection Agency 1998).
Current marsh management practices are controversial because of uncertainty in the ability to 
achieve goals coupled with unanticipated effects on non-target plants or animals, and a shift in priorities 
from winter waterfowl and furbearer management to maintaining or creating marsh area and restoring 
natural hydrologic processes (Cowan et al. 1988, Nyman et al. 1990, Nyman and Chabreck 1995, U. S. 
Environmental Protection Agency 1998). Information regarding the impacts of current management 
practices is necessary to address these concerns; however, few such studies have been published. In this 
paper, I compare vegetation structure and plant and bird species composition and abundance during 
summer (April-June) in experimentally burned and unbumed plots within impounded and unimpounded 
marshes in the Gulf Coast Chenier Plain.
Plant and bird species compositions are likely to change after a fire and may continue to change 
for some time (Bendell 1974, Whelan 1995). The post-fire community may lack some species present 
before burning and may contain others previously absent Species relative abundances are likely to 
change as well (e.g., Recher et al. 1985, Brooker and Rowley 1991, Herkert 1994). Because of the
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relationship between bird abundance and habitat use and vegetation structure (Johnston and Odum 
1956, Cody 1968, Morse 1985, Delisle and Savidge 1997), recovery of a bird community to pre-fire 
conditions should closely track post-fire succession in the plant community (Huff et al. 1984, Whelan 
1995). Recovery of the plant community in a physiognomically simple habitat such as coastal marshes 
(dominated by a few graminoid species [Odum 1988]) occurs in a relatively short period (1-2 years post­
fire) (Mendelssohn et al. 1995, Chapter 2); bird community changes should be short-lived as well. In an 
earlier study (Chapter 2), I demonstrated that vegetation structure in burned coastal marshes recovered 
to pre-bum levels by the second post-fire winter (Januaty-February); consequently, birds absent during 
the first post-fire winter (primarily sparrows and wrens) had recolonized these burned plots by the 
second post-fire winter, and species abundant immediately following burning (icterids) were relatively 
uncommon during the second post-fire winter. Thus, I predicted that summer plant and bird community 
differences would be greatest during the first post-bum summer but negligible during the second and 
third post-fire summers.
Impoundment construction alters marsh hydrology and salinity, which in turn influences the 
interspersion of open water and emergent vegetation, plant species composition, and diversity of plant 
communities (Chabreck and Junkin 1989). I previously showed that vegetation characters (visual 
obstruction and percent cover) differed between impounded and unimpounded plots during winter, and 
that some bird species were more abundant in 1 management type than the other (Chapter 2).
Therefore, I expected summer vegetation characters to differ between impounded and unimpounded 
marshes, and these differences to result in differences in bird communities (species richness and relative 
abundance).
STUDY AREA AND METHODS
I chose Rockefeller State Wildlife Refuge (RWR) as a representative area of the Chenier Plain 
of southwestern Louisiana. RWR, a 30,700 ha area managed by the Louisiana Department of Wildlife 
and Fisheries (LDWF) in Cameron and Vermilion parishes, is bordered by Louisiana Highway 82 on the 
north and the Gulf of Mexico on the south. RWR consists of 17 marsh units (impoundments) ranging in 
size from 200 to >4,000 ha (Wicker et al. 1983), and approximately 11,700 ha of tidally influenced
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unimpounded marshes. Most impoundments were constructed during the late 1950s and are separated 
by a network of canals. Management bums on RWR are conducted on a 3-year rotation, with 
approximately one-third of the refuge area burned during a single fall/winter (October-February). 
Lightning-ignited fires are a Sequent occurrence on RWR, usually from June to August (0-6 fires/year 
during 1993-1998, T. J. Hess, unpubl. data).
Marsh types on RWR range from a  band of saline marsh along the Gulf Coast, a band of 
brackish marsh further inland, and intermediate marsh still further inland (Chabreck 1970, Chabreck 
and Linscombe 1988). Saline marsh (salinity >10 ppt) is dominated by Spartina altemiflora, S. patens, 
and Distichlis spicata. Brackish marsh (5-10 ppt) is characterized by S. patens, D. spicata, and Scirpus 
spp. Intermediate marsh (1-5 ppt) is dominated by Spartina patens (Chabreck 1970, Chabreck 1972, 
Chabreck and Linscombe 1988). Impounded marshes in my study were intermediate or brackish; 
unimpounded marshes were exposed to Gulf tides and were brackish or saline. Unimpounded 
intermediate and impounded saline marshes are not present on RWR The small area of fresh marsh 
(salinity <1 ppt) on RWR was not included in my study.
Using vegetation-type and fire-history maps of RWR, I selected 14 study marshes (Figure 3.1) 
that met the following criteria: (1) minimum area of 100 ha of emergent vegetation with little open 
water, (2) presence of a firebreak (bayou or canal), (3) homogeneous marsh type and fire history within 
an area, (4) site accessibility, and (5) absence of other ongoing research or physical structures that 
potentially could be damaged by fire. Three impounded areas were in brackish marsh and 5 were in 
intermediate marsh. Three unimpounded areas were in brackish marsh and 3 in saline marsh. 
Unintentional fires in March and September 1996, caused by neighboring landowners or other research 
crews, burned 3 impounded (2 intermediate, 1 brackish) plot pairs; consequently, I did not collect data 
from these sites.
I used a split-plot experimental design (Sokal and Rohlf 1981), in which each >100 ha area 
(the whole-plot) was divided into 2 tracts, each >50 ha (the split-plots), with a firebreak as the dividing 
line. I randomly assigned bum treatment to 1 side of each firebreak. A 100 m x 100 m sampling station 
was located randomly within each tract, using a gridded USGS topographic map. Distance between
40
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Figure 3.1. Map of the Gulf Coast Chenier Plain showing location of Rockefeller State Wildlife Refuge 
and approximate locations of 11 burned and unbumed sampling station pairs. Solid lines within the 
refuge boundary represent major levees. Empty symbols indicate intermediate marsh, shaded symbols 
indicate brackish marsh, and solid symbols indicate saline marsh.
41
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
42





paired stations ranged from 0.5 to 3.5 km, and was less than 1 km for all but 2 pairs. Sampling stations 
consisted of (1) 4 100-m transects arranged in a square, along which vegetation data were collected at 
10-m intervals (40 vegetation points/station), and (2) a 0.4-ha (100 m x 40 m) section of the 100 m x 
100 m square within which bird surveys were conducted. The 0.4-ha bird survey sections were marked 
with conduit pipe at 20-m intervals along the longer centerline.
Assigned tracts were burned on 9-11 and 13 December 1995 and 9 January 1996. Wind 
direction for all experimental fires was from the north, except for those on 13 December, during which 
wind direction was southerly. Fires were either head or back fires, and were conducted with 
approximately 5 cm of water over the marsh surface. One control sampling station (Price Lake) was 
burned accidentally when fire advanced beyond the firebreak; I relocated this station to an unbumed 
area about 100 m from the bum edge within the same impoundment. One unimpounded tract assigned 
to be burned (School Board) did not bum, and was relocated to another location that binned from the 
fire for another tract (East Little Constance). These 2 burned stations were >700 m apart
Vegetation Characteristics
I collected vegetation data annually at each station during the last week of May through the 
first week of June in 1996-1998. At each of 40 points in a station, I estimated visual obstruction by 
recording the lowest visible line of a 3-m pole marked at 0.1-m intervals (Robel et al. 1970). Percent of 
ground cover (all species combined and by individual species) at each point was determined by laying a 
1-m pole marked at 0.1-m intervals on the ground, and determining the percent of the pole covered 
(Chabreck et al. 1985). I categorized all rooted dead vegetation as a single species because of difficulties 
in identifying dead material. Cover scores were categorized as 7 (76-100%), 6 (51-75%), 5 (26-50%), 4 
(6-25%), 3 (1-5%), 2 (few stems), and 1 (single stem) (Mueller-Dambois and Ellenberg 1974). Points 
located in a pond or on unvegetated mud were given visual obstruction and cover scores of 0. To 
calculate mean values for categorical data, I converted cover classes to a continuous response using the 
midpoint of the class (i.e., Class 7 = 87.5%, Class 6 = 62.5, Class 5 = 37.5, Class 4 = 15, Class 3 = 2.5, 
and Classes 1 and 2 = 0.5 [Agresti 1996, Pahl et al. 1997]). I calculated the mean visual obstruction 
score, mean total percent cover, and mean percent cover for each species at each station.
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Bird Surveys
I surveyed birds 6 times at each 0.4-ha section during each summer (April-June) of 1996-1998. 
To survey secretive species, I played tapes of King Rail (Rallus elegans), Clapper Rail (R. longirostris), 
Least Bittern (Txobrychus exilis), American Bittern (Botaurus lentiginosus), and Black Rail (Laterallus 
jamaicensis) calls from a portable tape player (Gibbs and Melvin 1993). The tape consisted of 30 sec of 
calls followed by a 30-sec listening period for each species. Tapes could be heard at up to 100 m by 
human observers. I recorded all birds that responded from within the 0.4-ha section. Tapes were 
obtained from the Peterson field guide series (Houghton Mifflin Co., Boston, Mass.). After 5 min, the 
observer slowly walked through the 0.4-ha section 4 times, beginning 15 m N of the center line, then 5 
m N, 5 m S, and 15 m S of the center line, and recorded species and numbers of birds seen or heard 
within the boundaries. I used this method because secretive species often did not flush unless the 
observer approached within 5 m. I carefully noted location and direction traveled by each flushed bird 
to minimize repeated counting of individuals. Surveys averaged 16 min in duration (range = 10-23 min, 
SE = 2, n = 388).
I completed most (>95%) bird surveys by 1100 h, but weather conditions and logistic 
constraints required that some surveys be conducted later, all were completed by 1500 h. Surveys were 
not conducted when wind was >20 km/h or in fog or steady rain. I conducted surveys twice each month, 
using a stratified random scheme. Strata consisted of 2-6 pairs of stations that were within 30 min 
travel time. During each survey period (2-week interval), group order, pair order, and station order 
within pairs were assigned randomly. Paired stations usually were surveyed within 20 min of each other 
(range = 5-90 min).
Statistical Analysis
I analyzed vegetation response variables (number of species, visual obstruction, total percent 
cover, and percent cover of abundant species) with a split-plot ANOVA (Proc. GLM, S AS Institute 
1990). Management type (MANAGE; impounded or unimpounded) was the whole-plot effect, bum 
treatment (BURN; burned or unbumed) was the split-plot effect, and summer (SUMMER; 1996, 1997, 
or 1998) was the repeated measure. When a significant effect was detected, I conducted pairwise
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comparisons vising the PDIFF option in the LSMEANS statement (Proc. GLM, SAS Institute 1990). I 
considered a species abundant if its overall percent cover was >10%. Mean visual obstruction scores 
were log-transformed before analysis (logi0[Y+l], Sokal and Rohlf 1981) to meet assumptions for 
parametric procedures; means and confidence intervals are reported here as back-transformed values.
I analyzed cumulative number of bird species/station/summer and number of individuals/survey 
for all species combined. In addition, I analyzed number of icterids (Red-winged Blackbirds [Agelaius 
phoeniceus], Boat-tailed Grackles [Quiscalus major], Eastern Meadowlarks [Stumella magna], and 
Orchard Orioles [Icterus spurius]), sparrows (Seaside [Ammodramus maritimus], Nelson's Sharp-tailed 
[Ammodramus nelsoni], and Swamp [Melospiza georgiana] sparrows, and unidentified sparrows) and 
wrens (Marsh [Cistothorus palustris] and Sedge [C. platensis] wrens, and unidentified wrens). I 
analyzed bird species richness using a split-plot ANOVA (Proc. GLM, SAS Institute 1990).
Management type was the whole-plot effect, bum treatment was the split-plot effect, and summer was 
the repeated measure. I analyzed bird abundance responses as described for bird species richness but 
with survey period (1-6) as an additional repeated measure. Because I included survey period in the 
design to reduce variability within stations rather than provide inferences across time, I do not address 
significant survey period effects. I made pairwise comparisons when necessary as in the vegetation data 
analysis. Bird abundances (for all species and species groups) were transformed (logio[Y+l],) to meet 
assumptions for parametric procedures. I report means and confidence intervals as back-transformed 
values when appropriate.
A lightning fire in July 1997 burned 1 unbumed impounded station (Unit 6); I included this 




I identified 28 plant species during the 3 summers, with dead vegetation, Spartina patens, and 
Distichlis spicata considered abundant Plant species richness was highest in bumed-impounded
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stations in 1996 (the first summer after binning) with 22 total species (Table 3.1) and was lowest (6 
species) in bumed-unimpounded stations in 1997 and 1998 (Table 3.1).
Bum treatment and management type affected the percent cover of dead vegetation and 
Spartina patens. I detected BURN x SUMMER and SUMMER x MANAGE interactions for dead 
vegetation cover (P < 0.03, Table 3.2). Dead vegetation cover remained constant among SUMMERs in 
impounded plots but increased over time in unimpounded plots (Figure 3.2A). Dead vegetation cover 
was lower in unimpounded than in impounded marshes in 1996 but similar between management types 
in both 1997 and 1998. Dead vegetation cover remained constant across the 3 SUMMERS in unbumed 
plots but increased in each of the 3 SUMMERs in burned plots (Figure 3.2B). Dead vegetation cover 
was lower in burned than unbumed plots in 1996 but did not differ between bum treatment in 1997 or 
1998. I detected BURN x MANAGE and SUMMER x MANAGE interactions for Spartina patens 
percent cover (P < 0.03, Table 3.2). Spartina patens cover did not differ among SUMMERs in 
impounded marshes but increased in successive summers in unimpounded marshes (Figure 3.3A). 
Spartina patens cover did not differ between management type within any year. Within unimpounded 
marshes, Spartina patens cover was higher in burned than unbumed plots (Figure 3.3B); within 
impounded marshes, Spartina patens cover did not differ between bum treatments. Spartina patens 
cover was lower in burned impounded marshes than in burned unimpounded marshes, but was higher in 
unbumed impounded than in unbumed unimpounded marshes. Percent cover of Distichlis spicata was 
not affected by any treatment (P > 0.05, Table 3.2).
In the analysis of plant species richness, I detected significant SUMMER x MANAGE and 
BURN x MANAGE interactions (P = 0.01, Table 3.3). Impounded stations in 1996 contained more 
plant species than all other SUMMER x MANAGE combinations (Figure 3.4 A). The number of plant 
species was higher in impounded than unimpounded marshes that were burned, but did not differ 
between management type in unbumed marshes. In unimpounded stations, number of plant species was 
similar between bum treatments (Figure 3.4B).
I detected a significant SUMMER effect for visual obstruction (P < 0.01, Table 3.4), with 
obstruction scores generally increasing during the study (Table 3.5). Visual obstruction also differed
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Table 3.1. Mean percent cover scores for plant species recorded in burned and unbumed plots in impounded and unimpounded marshes during 3 summers (May- 
June 1996-1998) on Rockefeller State Wildlife Refuge in southwest Louisiana.
1996 1997 1998
Species BIl BU u i UU BI BU Ul UU BI BU UI UU
Dead vegetation 60 33 74 65 57 74 69 72 73 83 69 74
Spartina patens 36 31 43 28 29 60 31 30 46 62 43 33
Distichlis spicata 9 27 2 11 11 22 3 21 8 15 4 21
Scirpus robustus 5 <1 13 3 5 5 15 0 5 1 15 3
Spartina altemijlora 0 1 <1 6 0 2 2 7 0 4 3 10
Typha spp. 4 0 2 0 0 0 2 0 14 0 4 <1
Spartina cynosuroides <1 0 <1 0 <1 1 <1 1 <1 2 <1 <1
Ipomoea sagittata <1 0 <1 0 <1 0 <1 0 <1 0 <1 0
Batts maritima 0 0 0 <1 0 0 <1 <1 0 0 0 <1
Baccharis halimifolia 2 <1 <1 0 0 0 0 0 0 0 <1 0
Chenopodium album <1 <1 0 <1 0 0 0 0 <1 0 0 0
Aster spp. <1 0 <1 0 0 0 0 0 0 0 0 <1
Scirpus califomicus 0 0 <1 0 0 0 <1 0 0 0 <1 0



















Species BI BU UI UU BI BU UI UU BI BU UI UU
Phragmites communis <1 0 0 0 4 0 0 0 3 0 0 0
Juncus effusus <1 0 0 0 <1 0 0 0 0 0 0
Rumex crispus 3 0 <1 0 0 0 0 0 0 0 <1 0
Asclepias incamata <1 0 <1 0 0 0 0 0 0 0 0 0
Vigna luteola <1 0 <1 0 0 0 0 0 0 0 0 0
Scirpus americanus 0 0 0 0 <1 0 0 0 <1 0 0 0
Phyla nodiflora <1 0 0 0 0 0 0 0 0 0 0 0
Sesbania drummondii <1 0 0 0 0 0 0 0 0 0 0 0
Cyperus oderatus <1 0 0 0 0 0 0 0 0 0 0 0
Eleocharis parvula 0 0 0 0 0 0 0 0 0 0 0 <1
Polygonum spp. 0 0 0 0 0 0 0 0 <1 0 0 0
Bacopa monnieri <1 0 0 0 0 0 0 0 0 0 0 0
Eupatorium capillifolium <1 0 0 0 0 0 0 0 0 0 0 0
No. of species 22 8 15 8 10 6 11 7 12 6 11 10
1 BI = bumed-impounded, BU = bumed-unimpounded, UI = unbumed-impounded, UU = unbumed-unimpounded.
Table 3.2. Summaiy of split-plot ANOVAs examining percent cover scores of dead vegetation, Spartina 
patens, and Distichlis spicata in response to management type (impounded or unimpounded) and bum 
treatment (burned or unbumed) during 3 summers (April-June 1996-1998) on Rockefeller State Wildlife 
Refuge in southwest Louisiana.
Source1 df
Dead vegetation Spartina patens Distichlis spicata
M S2 F P MS F P MS F P
M 1 1.27 0.00 0.95 147.30 0.06 0.81 3008.81 1.48 0.25
A(M) 3 9 289.31 2628.24 2026.65
S 2 1860.28 5.51 0.01 742.54 13.15 <0.01 39.56 1.10 0.35
S xM 2 1614.91 4.79 0.02 882.36 15.63 <0.01 7.88 0.22 0.80
SxA (M )4 15 337.33 56.46 35.86
B 1 116.66 3.86 0.06 1453.46 3.94 0.06 400.13 1.79 0.19
B xS 2 1226.63 4.06 0.03 550.41 1.49 0.24 182.47 0.82 0.45
B xM 1 21.07 0.07 0.79 2069.69 6.60 0.03 29.02 0.13 0.72
B x S xM 2 479.23 1.59 0.22 173.44 0.47 0.63 149.31 0.67 0.52
Residual5 27 302.23 369.26 223.24
1M = management type, A = area (100 ha), S = summer, B = bum treatment.
2 Mean squares.
3 M effect tested with A(M) mean squares.
4 S and S x M effects tested with S x A(M) mean squares.
5 Effects that include B tested with residual error mean squares.
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Figure 3.2. Percent cover of dead vegetation in (A) impounded and unimpounded marshes dining 3 
summers (May-June 1996-1998) and (B) burned and unbumed plots during 3 summers at Rockefeller 
State Wildlife Refuge, southwestern Louisiana. Experimental bums were conducted during December- 
January 1995-1996. Error bars represent 95% confidence intervals.
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Figure 3.3. Percent cover of Spartina patens in (A) impounded and unimpounded marshes during 3 
summers (May-June 1996-1998) and (B) burned and unburned plots in impounded and unimpounded 
marshes at Rockefeller State Wildlife Refuge, southwestern Louisiana. Experimental bums were 
conducted during December-January 1995-1996. Error bars represent 95% confidence intervals.
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Table 3.3. Summary of split-plot ANOVAs examining plant and bird species richness in response to 
management type (impounded or unimpounded) and bum treatment (burned or unbumed) during 3 
summers (April-June 1996-1998) on Rockefeller State Wildlife Refuge in southwest Louisiana.
Source1 df
Plant species richness Bird species richness
MS2 F P MS F P
M 1 32.33 4.69 0.06 22.70 4.67 0.06
A(M) 3 9 6.89 4.86
S 2 9.09 3.86 0.04 21.16 6.39 <0.01
S xM 2 12.95 5.48 0.01 13.28 4.03 0.04
S x  A(M) 4 15 2.37 3.30
B 1 2.27 1.86 0.18 9.07 1.74 0.20
B xS 2 2.94 2.41 0.11 0.58 0.11 0.74
B xM 1 9.48 7.79 0.01 3.05 0.58 0.56
B x S x M 2 1.97 1.62 0.22 1.47 0.28 0.76
Residual5 27 1.21 5.22
1M = management type, A = area (100 ha), S = summer, B = bum treatment
2 Mean squares.
3 M effect tested with A(M) mean squares.
4 S and S x  M effects tested with S x A(M) mean squares.
5 Effects that include B tested with residual error mean squares.
54
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 3.4. Mean number of plant species in (A) impounded and unimpounded marshes during 3 
summers (May-June 1996-1998) and (B) burned and unbumed plots in impounded and unimpounded 
marshes at Rockefeller State Wildlife Refuge, southwestern Louisiana. Experimental bums were 
conducted during December-January 1995-1996. Error bars represent 95% confidence intervals.
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Table 3.4. Summaiy of split-plot ANOVAs examining vegetation responses to management type 
(impounded or unimpounded) and burn treatment (burned or unbumed) during 3 summers (May-June 
1996-1998) on Rockefeller State Wildlife Refuge in southwest Louisiana
Source1 df
Visual obstruction Percent total cover
MS2 F P MS F P
M 1 0.20 5.74 0.04 251.10 0.82 0.39
A(M) 3 9 0.034 307.82
S 2 0.072 9.94 <0.01 209.71 3.42 0.05
S xM 2 0.020 2.70 0.09 322.11 5.31 0.02
SxA (M )4 15 0.0073 60.65
B 1 0.00035 0.03 0.87 24.28 0.20 0.66
B x S 2 0.028 2.35 0.11 23.46 0.19 0.83
B x M 1 0.00026 0.05 0.88 140.74 1.16 0.29
B x S xM 2 0.0069 0.06 0.94 64.71 0.53 0.59
Residual 5 27 0.012 121.13
1M = management type, A = area (100 ha), S = summer, B = bum treatment.
2 Mean squares.
3 M effect tested with A(M) mean squares.
4 S and S x M effects tested with S x A(M) mean squares.
5 Effects that include B tested with residual error mean squares.
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Table 3.5. Means for vegetation and bird responses with significant SUMMER main effects during 3 
summers (April-June 1996-1998) on Rockefeller State Wildlife Refuge in southwest Louisiana.
Summer
Visual obstruction Icterids/survey Wrens/survey
Mean1 95% Cl Mean 95% Cl Mean 95% Cl
1996 6.4 a 5.1-13 1.4 a 1.2-1.7 0.1a 0.1-0.2
1997 7.5 ab 6.6-8.5 2.0 b 1.7-2.3 0.3 b 0.2-0.4
1998 8.7 b 7.6-9.1 1.3 a 1.1-1.6 0.3 b 0.3-0.4
1 Means with the same letter within a column are not significantly different (P > 0.05).
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(P = 0.04, Table 3.4) between impounded ( x  = 8.7, 95% C.I. = 7.8-9.6) and unimpounded marshes ( x  
= 6.5, 95% C.I. = 5.9-7.2). I detected a significant SUMMER x MANAGE interaction in the percent 
cover analysis (P = 0.02, Table 3.4). Percent cover was similar between impounded and unimpounded 
marshes in 1996 and 1998, but was higher in unimpounded than in impounded marshes in 1997 (Figure
3.5).
Birds Surveys
Low water levels prevented us from conducting 6 bird surveys in 2 plot pairs in 1996 and 2 
pairs in 1998. However, 5 surveys were sufficient to detect all bird species in the 18 subplots in which 
all 6 surveys were conducted in 1996; in 1998, 5 surveys were sufficient to record all species in 14 of 18 
subplots in which 6 surveys were conducted. Therefore, I am confident that I recorded all species likely 
to be encountered in those stations surveyed only 5 times.
I recorded 2653 birds of 36 species, with Seaside Sparrows and Red-winged Blackbirds together 
comprising more than 72% of all individuals. Red-winged Blackbirds were the most abundant species 
in impounded stations, whereas Seaside Sparrows were the most abundant species in unimpounded 
stations (Table 3.6). Total number of bird species ranged from 10 species in unbumed-impounded 
stations in 1996 and unbumed-unimpounded stations in 1998 to 22 species in bumed-impounded 
stations in 1998 (Table 3.6). I detected a significant SUMMER x MANAGE interaction in the analysis 
of bird species richness (P = 0.04, Table 3.3). Mean species/station in impounded marshes was higher 
in 1997 and 1998 than in 1996, but did not differ among summers in unimpounded marshes (Figure
3.6).
I detected a significant BURN x SUMMER interaction for total bird abundance (P = 0.04,
Table 3.7). Fewer birds/survey were detected in burned than in unbumed plots during 1996, but the 
pattern was reversed during 1997 and 1998 (Figure 3.7). Birds/survey in unbumed stations did not 
differ among summers; in burned stations, birds/survey were 2.3 and 1.6 times higher during 1997 and 
1998, respectively, than during 1996. I detected a significant SUMMER effect for icterids (P = 0.03, 
Table 3.7), with numbers recorded in 1997 higher than in 1996 or 1998 (Table 3.5). Icterids also were 2 
times more abundant (P < 0.01, Table 3.7) in impounded ( x  = 2.5 icterids/survey, 95% C.I. = 2.2-2.8)
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Figure 3.5. Total percent cover of vegetation in impounded and unimpounded marshes during 3 
summers (May-June 1996-1998) at Rockefeller State Wildlife Refuge, southwestern Louisiana. Error 
bars represent 95% confidence intervals.
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Table 3.6. Mean number of birds/station1 (+1 SD) recorded in burned and unbumed plots in impounded and unimpounded marshes during 3 summers (May- 
June 1996-1998) on Rockefeller State Wildlife Refuge in southwest Louisiana.
Species
1996 1997 1998
BI* BU UI UU BI BU UI UU BI BU UI UU
Seaside Sparrow 0.5+1.0 4.0+5.4 0.9+1.7 5.3+3.5 2.4+3.8 7.6+3.9 0.1+0.5 3.3±2.6 1.1+1.7 6.3+3.8 0.9+1.8 4.1+2.6
Ammodramus maritimus
Red-winged Blackbird 3.0+2.4 1.1+1.7 2.4+2.1 0.9+1.5 4.4+6.1 1.0+1.0 2.1+1.3 1.1±1.5 1.9+2.0 0.7+1.1 1.8+1.5 1.1+1.0
Agelaius phoeniceus
Boat-tailed Grackle 0.3+0.9 0.2+0.6 0.1+0.4 0.4±1.5 0.9+1.0 0.4+0.9 0.8+1.1 0.6+1.6 0.6+1.0 0.4+1.3 1.1+1.8 0.2+0.7
Quiscalus major
Marsh Wren 0.1+0.3 0.0+0.2 0.1+0.5 0.2+0.7 0.7+1.5 0.1+0.5 0.8+2.1 0.0+0.2 0.3+1.0 0.1+0.4 0.2+0.5
Cistothorus palustrus
Sedge Wren 0.0+0.2 0.1+0.3 0.1+0.3 0.1+0.2 0.3+0.6 0.2+0.6 0.3±1.0 0.4+0.9 0.2+0.7 0.3+0.6
Cistothorus platensis
Least Bittern 0.0+0.2 0.0+0.2 0.5+0.7 0.0+0.2 0.2+0.6 0.2+0.6 0.3+0.2 0.2+0.5 0.2+0.6 0.1+0.3
Ixobrychus exilis





















Species BI BU UI UU BI BU UI UU BI BU UI UU
Clapper Rail 0.1+0.3 0.2 ±.0.7 0.0+0.2 0.3+0.6 0.1+0.3 0.0+0.2 0.2+0.5 0.1+0.2 0.1+0.7 0.2+0.5 0.1+0.4 0.1+0.2
Rallus longirostris
Nelson's Sharp-tailed Sparrow 0.4 +1.6 0.1+0.5 0.0+0.2 0.4+0.9 0.1+0.4 0.1+0.2 0.0 +0.2
Ammodramus nelsoni










0.0+0.2 0.2+0.4 0.3+0.7 0.3+0.7 0.1+0.4 0.2+0.7 0.3+0.6 0.3+0.7 0.0+0.2 0.0+0.2 0.1+0.4 0.1+0.7
0.1+0.3 0.1+0.2 0.1+0.4 0.1+0.4 0.1+0.5 0.1+0.3 0.2+0.5 0.1+0.3 0.1+0.4 0.0+0.2
0.040.2 0.040.2 0.1+0.3 0.140.4 0.1+0.3 0.1+0.2 0.140.4








































































BI BU UI UU BI BU UI UU BI BU UI UU
Mottled Duck 0.0+0.2 0.0+0.2 0.0+0.2 0.0+0.2 0.0±0.2
Anas fuMgula
All species 4.5+3.2 6.3+6.1 4.5+3.0 7.8±5.3 10.3+7.8 10.1+4.0 5.4+2.8 6.1+3.8 6.1+3.4 8.7+3.8 5.4+3.3 6.1+2.9
No. of surveys 28 36 28 36 30 36 30 36 29 35 29 35
Mean no. species 4.6+1.3 4.8±2.5 4.0+1.4 5.0+2.3 7.8+1.3 5.0+1.4 6.8+1.9 5.2+0.4 8.2+4.6 6.7+1.4 7.0+2.2 4.7+2.0
Total no. species 12 12 10 13 21 13 16 12 22 16 18 10
1 Mean of 0.00 indicates a species was present in a treatment Blank cells indicate species absences.
2BI = bumed-impounded, BU = bumed-unimpounded, UI = unbumed-unimpounded, UU = unbumed-unimpounded.
3 Includes unidentified sparrows and unidentified wrens.
4 Includes species of which < 5 total individuals recorded over the 3 summers combined: Black-crowned Night-Heron (Nycticorax nycticorax, n = 4), Virginia 
Rail (Ratius limicola, 3), Green Heron (Butorides virescens 3), Black-necked Stilt (Himantopus mexicanus, 3), Plegadis spp. (3), Common Nighthawk 
(Chordeiles minor, 2), Phalocrocorax spp. (2), Semipalmated Sandpiper (Calidris pusilla, 2), Scissor-tailed Flycatcher (Tyrannus forficatus, 1), Osprey (Pandion 
haliaetus, 1), Lesser Yellowlegs (Tringa flavipes, 1), Great Blue Heron (Ardea herodias, 1), Limnodromus spp. (1), Black Tern (Chlidonias niger, 1), American 
Bittern (.Botaurus lentiginosus, 1).
Figure 3.6. Mean number of bird species in impounded and unimpounded marshes during 3 summers 
(April-June 1996-1998) at Rockefeller State Wildlife Refuge, southwestern Louisiana. Error bars 
represent 95% confidence intervals.
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Table 3.7. Summary of split-plot ANOVAs examining the number of birds/survey for all species combined and for common species groups in relation to 
management type (impounded or unimpounded) and bum treatment (burned or unbumed) during 3 summers (May-June 1996-1998) on Rockefeller State 
Wildlife Refuge in southwest Louisiana.
Source1 df
All birds Icterids Sparrows Wrens
MS2 F P MS F P MS F P MS F P
M 1 0.72 1.64 0.23 6.23 14.7 <0.01 25.66 803.63 <0.01 0.16 1.91 0.20
A(M)3 9 0.44 0.42 1.35 0.086
S 2 0.67 20.30 <0.01 0.30 4.51 0.03 0.094 1.68 0.21 0.19 3.93 0.04
SXM 2 0.10 3.13 0.07 0.084 1.29 0.30 0.017 0.31 0.74 0.12 2.52 0.11
SX A(M)4 18 0.033 0.065 0.056 0.047
B 1 0.59 3.51 0.07 0.0037 0.02 0.89 0.79 3.00 0.09 0.026 0.58 0.45
BXM 1 0.072 0.04 0.84 0.22 1.14 0.30 0.074 0.28 0.60 0.0022 0.05 0.83
BXS 2 0.62 3.70 0.04 0.16 0.86 0.43 1.29 4.91 0.02 0.019 2.02 0.15
B x S x M 2 0.047 0.28 0.76 0.048 0.25 0.78 0.027 0.10 0.90 0.0026 0.06 0.94
B x S x A(M) 5 27 0.17 0.19 0.26 0.045
P 5 0.062 1.75 0.12 0.026 0.26 0.93 0.081 2.53 0.03 0.72 33.31 <0.01
PxM 5 0.11 3.10 <0.01 0.067 1.11 0.36 0.081 2.54 0.03 0.031 1.44 0.21
P xS 10 0.11 3.05 <0.01 0.070 1.16 0.32 0.082 2.58 <0.01 0.091 4.18 <0.01
PxB 5 0.16 4.51 <0.01 0.069 1.14 0.34 0.11 3.53 <0.01 0.041 1.89 0.10
P x S x M 10 0.037 1.06 0.39 0.049 0.80 0.63 0.061 1.91 0.04 0.017 0.80 0.62
P x S x B 10 0.14 3.83 <0.01 0.065 1.07 0.38 0.087 2.71 <0.01 0.027 1.25 0.26


















All birds Icterids Sparrows Wrens
Source df MS F P MS F P MS F P MS F P













1M = management type, A = area (100 ha), S = summer, B = bum treatment, P = survey period.
2 Mean squares.
3 M effect tested with A(M) mean squares.
4 S and S x M effects tested with S x A(M) mean squares.
<£ 5 B effect and interactions with S or M tested with B x S x A(M) mean squares.
6 Effects that include P tested with residual error mean squares.
Figure 3.7. Mean number of birds/survey in burned and unbumed plots during 3 summers (April-June 
1996-1998) at Rockefeller State Wildlife Refuge, southwestern Louisiana. Experimental bums were 
conducted during December-January 1995-1996. Error bars represent 95% confidence intervals.
70














9  -  












Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
than unimpounded marshes ( x  = 0.9, 95% C.I. = 0.8-1.1). A significant BURN x SUMMER 
interaction was detected for sparrows (P = 0.02, Table 3.7). Sparrow abundance was lower in burned 
than unbumed stations in 1996, but higher in burned than unbumed stations during both 1997 and 1998 
(Figure 3.8). Sparrows/survey in unbumed stations was higher during 1996 than 1997 or 1998; in 
burned stations, sparrows/survey were 2.6 and 1.9 times higher during 1997 and 1998, respectively, than 
during 1996. Sparrows were 8 times more abundant (P <0.01, Table 3.7) in unimpounded ( x=  4.0 
sparrows/survey, 95% C.I. = 3.8-4.3) than impounded stations ( x  = 0.5, 95% C.I. = 0.4-0.6). 




A goal of winter burning is to remove dead vegetation, Spartina patens, and Distichlis spicata 
while promoting the growth the preferred waterfowl and furbearer food plants Scirpus robustus and S. 
americanus (= olneyi) (Mendelssohn et al. 1995, Nyman and Chabreck 1995). I found that percent 
cover of Spartina patens increased in response to burning in unimpounded but not impounded marshes, 
possibly because of differences in post-fire environmental conditions. Impounded marshes, particularly 
those of the intermediate marsh type, are managed to reduce salinity and maintain water levels at or 
above the marsh surface. Spartina patens is dominant in higher salinity-lower water depth conditions 
(Babcock 1967, Broome et al. 1995), and its growth can be inhibited if the post-fire salinity is <0.5 ppt 
and water depth is maintained at 30 cm through spring (Babcock 1967). In addition, Babcock (1967) 
showed that flooding immediately following winter burning greatly reduced growth of Spartina patens 
and Distichlis spicata, while increasing growth of Scirpus robustus. In my study, marshes were burned 
with > 5 cm of water over the marsh surface, yet I observed Spartina patens shoots within 1 month of 
burning (pers. obs.). Contrary to previous studies (O’Neil 1949, Chabreck 1982), overall Scirpus 
robustus cover was low, and was relatively higher in unbumed than burned plots; S. americanus was not 
recorded in any station until 1997, the second post-fire growing season. Presence of the 2 Scirpus 
species in my plots indicates that propagules were present in the marsh substrate at the time of burning,
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Figure 3.8. Mean number of sparrows/survey in burned and unbumed plots during 3 summers (April- 
June 1996-1998) at Rockefeller State Wildlife Refuge, southwestern Louisiana. Experimental bums 
were conducted during December-January 1995-1996. Error bars represent 95% confidence intervals.
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but other environmental factors precluded their growth. One such factor may be season of burn. My 
experimental bums were conducted in late December and early January whereas bums conducted earlier 
in fall are reported to promote S. americanus in greenhouse experiments (Chabreck 1981, but see Hess 
1975). Thus, several environmental conditions (e.g., season of bum, water depth and salinity) interact to 
determine plant community responses.
I found that plant species richness increased in response to winter burning, but only in 
impounded marshes. In a review of 18 studies of marsh burning, Mendelssohn et al. (1995) found that 
plant species richness either increased or remained the same, but did not decrease, in response to 
burning. Species richness did not change in the 5 studies in which burning was conducted during 
winter. Individual species responses are influenced by a number of variable environmental conditions 
including season of bum, post-fire water levels, pre-burn plant communities, and soil type (Chabreck 
1981, Mendelssohn et al. 1995, Whelan 1995).
Generally, number of plant species is higher in impounded than unimpounded marshes 
(Chabreck 1960) and increases with decreasing salinity (Odum 1988). In my study, plant species 
richness in 1996 was dramatically higher in impounded than unimpounded stations; species richness did 
not differ between management types in 1997 and 1998. A severe drought in April and May 1996 
(NOAA 1996) resulted in a natural drawdown within impoundments from April to June, allowing 
buried seeds of annuals and flood-intolerant species to germinate (van der Valk 1981, Pederson and 
Smith 1988, Baldwin et al. 1996). Species richness in unimpounded marshes was not affected by the 
1996 drought and was remarkably consistent among the 3 summers. Relatively few plant species can 
tolerate periodically flooded saline conditions; those that do are predominantly clonal perennials that 
produce relatively small seed banks (Odum 1988, Pedersen and Smith 1988). In addition, unimpounded 
marshes are exposed to tides and presumably were inundated with tidal salt water long enough to 
prevent germination of any species present in the seed bank (Baldwin et al. 1996). Although southwest 
Louisiana experienced another severe drought in 1998 (NOAA 1998), impoundments did not dry until 
June and July, after I had collected my data.
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Vegetation structure differed between management types, with visual obstruction higher in 
impounded stations. Impounded stations (particularly intermediate impoundments) often included 
Typha spp. and Phragmites australis, while unimpounded saline marshes included the shorter Distichlis 
spicata and short-form Spartina alterniflora. Percent total cover was variable, but was lower in 
impounded plots in 2 of 3 summers. Bum treatment had no effect on either measure of vegetation 
density during summer. These results support my earlier findings (Chapter 2) in which vegetation 
differences between bum treatments were most noticeable in the first 2 months immediately following 
burning (January-February), but negligible by the second post-bum winter. Under the conditions of my 
study, vegetation structure in burned marshes recovered to pre-bum conditions relatively quickly (<12 
months), and management type was more important in influencing the plant community and structure 
than was bum treatment Other studies have demonstrated that vegetation in burned marshes generally 
recovers to pre-bum conditions in 1 to 2 years, particularly in marshes dominated by rhizomatous 
herbaceous vegetation (Mendelssohn et al. 1995).
Birds
Differences in plant diversity and vegetation structure should result in different bird 
communities (Cody 1968), and bird communities should continue to change as plant succession 
continues (Johnston and Odum 1956, Huff et al. 1984). Because post-fire plant succession in my study 
area progresses relatively quickly, I predicted that "bird succession" in burned stations would progress 
relatively quickly as well. Winter burning did not affect mean bird species richness during 3 successive 
post-fire summers. Species composition was not significantly altered: of the 10 most abundant bird 
species, only Sedge Wrens were absent from burned plots during 1996 (although they did occupy these 
plots in subsequent summers). Species lists from burned habitat included most of the pre-bum species, 
with only a few species disappearing or moving in, suggesting that most species in periodically burned 
habitats are tolerant of a wide range of conditions (Bendell 1974). Lightning-caused fires are a frequent 
occurrence in Chenier Plain marshes; species that persist in a frequently disturbed environment likely 
exhibit adaptive traits to that environment and so are not noticeably affected by the disturbance.
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Although bird species richness and composition apparently change little in response to burning, 
relative abundance was affected. My results showed that after an initial decline during the first post-fire 
summer, overall abundance was higher in burned than unbumed stations in the 2 subsequent summers. 
In other habitats, total density or relative total abundance following a fire generally remains constant or 
increases (Bendell 1974, Lyon and Marzluff 1984, Fitzgerald and Tanner 1992), although decreases 
have been observed (Petersen and Best 1987, Pylypec 1992, Herkert 1994). In these studies, however, 
responses of individual species or groups of species were quite variable. In my study, bum treatment did 
not affect relative abundance of icterids or wrens, but did influence sparrows, >95% of which were 
Seaside Sparrows.
The effect of binning on sparrow abundance may be linked to dead vegetation cover. Burning 
greatly reduced sparrow abundance and dead vegetation cover in the first post-fire summer, although 
sparrow abundance in burned plots peaked in 1997, when dead vegetation cover was intermediate. 
Seaside Sparrows feed primarily on invertebrates gleaned off the ground or low vegetation (Post and 
Greenlaw 1994); litter and dead vegetation may act as a substrate for invertebrate prey. In addition, 
sparrows use mostly dead vegetation for nest construction (pers. obs.); removal of dead vegetation 
through burning probably reduces availability of nesting material. Sparrow abundance declined in 1998 
when dead vegetation cover was highest, suggesting that dead vegetation and litter density near the 
marsh surface increase to the point that foraging is inhibited. Thus, marshes may become less attractive 
to sparrows after 2-3 years o f dead vegetation accumulation. A similar relationship between abundance 
and dead vegetation has been suggested for Seaside Sparrows in southern Florida (Taylor 1983). Cape 
Sable Seaside Sparrows (Ammodramus maritimus mirabilis) were uncommon until the second post-fire 
breeding season, when vegetation had become sufficiently dense. Numbers then increased for about 4 
years post-fire, when they began to decline, presumably because dead vegetation accumulation made the 
sites unsuitable (Taylor 1983). Thus, despite an initial decline in relative abundance, coastal marsh 
sparrows (particularly Seaside Sparrows) apparently depend on periodic, but infrequent, fires to 
maintain suitable habitat.
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Vegetation characters (visual obstruction and percent cover) differed between management 
types; as predicted, I found that bird communities also differed. Bird species richness was highest in 
impounded plots in 1997 and 1998, and may be related to the taller vegetation in impounded plots, with 
greater potential for vertical stratification of foraging sites (Cody 1968). In addition, 3 of the 
impounded stations included part of, or were adjacent to, ponds >0.2 ha. As a result, many bird species 
associated with open water such as ducks, shorebirds, gallinules, and herons were recorded only in 
impounded stations (although most of these species were observed at other times in unimpounded 
marshes). Ponds were unavailable in impoundments in 1996 as a result of the drought. Other studies 
have documented an increase in abundance within impoundments for bird species that forage in open 
water or on mudflats (Chabreck et al. 1974, Weber and Haig 1996, Gordon et al. 1998).
Despite a higher number of bird species in impounded than in unimpounded stations, overall 
bird abundance was lower in impoundments during 2 of 3 summers. In addition, sparrows as a group 
were >7 times more abundant in unimpounded stations, and only 1 of 40 Nelson's Sharp-tailed Sparrows 
was recorded in an impoundment Five Seaside Sparrows and no Nelson's Sharp-tailed Sparrows were 
recorded in intermediate impoundments, indicating a preference for brackish and saline marshes 
(although 6 of 9 Swamp Sparrows were recorded in intermediate impoundments). I documented similar 
patterns of habitat use by sparrows during winter (Chapter 2) and suggested several explanations 
including a preference for shorter vegetation in unimpounded marshes, tidally exposed ground for 
foraging, or other attributes of marsh types (for example, vegetation characters not measured, salinity, 
invertebrate abundance, competitors). On the other hand, icterids as a group were >2.5 times more 
abundant in impounded than unimpounded stations, a pattern also documented for the same study sites 
in winter (Chapter 2).
Management Implications
My results indicate that winter burning in the Chenier Plain of Louisiana had little effect on 
physical structure of the marsh plant community by the following summer. Visual obstruction and 
percent total cover were similar between burned and unbumed stations during the first post-fire summer 
despite significant differences during the first post-fire winter. Plant community changes as a result of
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winter burning were relatively short-lived (see also Mendelssohn et al. 1995); consequently, bird 
community changes also were short-lived. Although I noticed marked differences in bird abundance 
and species composition during the first post-fire winter (Chapter 2), I noticed few differences by the 
first post-bum summer. Only migratory Sedge Wrens were absent from burned stations during the first 
post-fire summer (1996), although they had recolonized these stations by the following winter (Chapter 
2). Sparrows were most abundant in burned plots in the second and third post-fire summers, and may 
benefit from occasional fires that remove dense vegetation. Consequently, I conclude that managed 
bums for waterfowl or furbearer management are not entirely incompatible with maintaining 
populations of other marsh birds, provided large contiguous marsh is not burned in any single winter, 
and >2-3 years are allowed between bums (Nyman and Chabreck 1995, Chapter 2). Also, my study 
showed that a number of factors interact to determine the post-fire plant community (e.g., season of 
burn, previous plant community, water depth and salinity; see also Mendelssohn et al. 1995). I 
recommend that, before conducting a burning program, managers clearly define their objectives (i.e., 
“convert x  ha of Spartina marsh to Scirpus marsh” rather than “bum x  ha”) and bum only when 
conditions are appropriate to achieve these objectives.
As expected, I found that vegetation characters differed between management types. Visual 
obstruction was higher, and percent total cover generally lower, in impounded than unimpounded 
marshes. These differences in turn led to differences in bird species and abundance. Despite a greater 
number of bird species in impounded marshes, overall bird abundance was lower in impounded than in 
unimpounded marshes. Ground-foraging species such as sparrows were more abundant in unimpounded 
marshes, whereas Red-winged Blackbirds and birds associated with open water or mudflats (e.g., ducks, 
herons) were more abundant in impounded marshes with taller vegetation or more open water.
The resiliency and rapid recovery of some plant communities to fire is presumably the result of 
an evolutionary history of exposure to a disturbance-prone environment (Abrahamson 1984). My 
finding that winter burning had only short-term impacts on the coastal marsh plant community (and 
consequently the bird community) is not surprising, given the frequent occurrence of natural lightning 
fires in the coastal region (>4 lightning fires occurred on RWR during each of 1997 and 1998).
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However, an important difference between my experimental burns and natural lightning fires is the 
season of occurrence. I conducted my experimental burns during winter to mimic current marsh 
management practices, whereas lightning fires occur mostly from June-August. Season of burning may 
influence plant species responses (Chabreck 1981), but numerous other factors likely interact 
(Mendelssohn et al. 1995). Also, my study plots were burned only at the start of the 3-year study (with 1 
exception - the station struck by lightning in July 1997); the frequency at which a specific area of marsh 
is struck by lightning is unknown. Comparative studies of managed bums of different frequencies or 
seasonality with natural lightning fires will help in understanding the role of fire in coastal marsh 
ecosystem function and evolution.
Management type appeared to have much more pronounced impacts on plant and bird 
communities than did burning. However, the effect of management type was confounded with the 
possible influence of marsh type (unimpounded intermediate and impounded saline marsh were not 
available on RWR). Several other studies have shown that impoundment construction results in changes 
in marsh salinity, hydroperiod, and vegetation (Montague et al. 1987) that benefit some bird species, 
particularly waterfowl and wading birds (Chabreck et al. 1974, Weber and Haig 1996, Gordon et al. 
1998). However, although Seaside Sparrows and Nelson's Sharp-tailed Sparrows were present in 
impounded brackish marshes, they were much more abundant in unimpounded (tidally-influenced, 
higher salinity) marshes. Thus measures other than impoundment construction, such as re-establishing 
natural sediment deposition processes (Gagliano 1994), likely will be necessary to preserve appropriate 
habitat for coastal marsh sparrows given current marsh loss trends in Louisiana.
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CHAPTER 4. PLANT COMMUNITY COMPOSITION IN GULF COAST CHENIER PLAIN 
MARSHES: RESPONSES TO WINTER BURNING AND STRUCTURAL MARSH
MANAGEMENT
INTRODUCTION
The Chenier Plain of the Gulf of Mexico encompasses 1295 km2 of coastal marsh from 
Vermilion Bay, Louisiana to East Bay, Texas (Gosselink 1979). Many marshes in Gulf Coast Chenier 
Plain are managed through a combination of fall or winter burning and structural marsh management 
(i.e., use of levees and other water control structures; hereafter SMM). Historically, a major goal of 
managers was to improve the attractiveness of marshes for waterfowl and furbearers (Chabreck 1988). 
Managers bum marshes to remove dead vegetation and to decrease the abundance of dominant plant 
species such as Spartina patens and Distichlis spicata, thus releasing from competition preferred 
wildlife food plants (e.g., Scirpus americanus [==olneyi] and S. robustus) (Lynch 1941, Nyman and 
Chabreck 1995). Impoundments and water control structures generally are constructed to stabilize water 
levels and reduce salinities, creating conditions favorable to Scirpus spp. and other wildlife food plants 
(Babcock 1967, Nyman et al. 1993). Although wildlife habitat improvement is still a major goal, recent 
management plans have emphasized other objectives, including maintenance of historic isohaline lines 
and distributions of marsh types, reduction or prevention of marsh loss to erosion and sea-level rise, 
creation of new emergent wetlands, removal of litter to reduce likelihood of catastrophic wildfires, and 
ingress and egress of fish and other estuarine organisms (Wicker et al. 1983, Cowan et al. 1988, Berry 
and Voisin 1989, Chabreck et al. 1989, Nyman et al. 1993, Rogers et al. 1994, Michot 1996, US 
Environmental Protection Agency 1998).
Currently, there is concern that winter burning and SMM have unintended negative effects on 
marsh primary productivity (Cowan et al. 1988, Nyman and Chabreck 1995, US Environmental 
Protection Agency 1998). Organic matter accumulation and decay are important processes in marsh soil 
development (Hatton et al. 1983, Nyman et al. 1993, Cahoon 1994, Foret 1997). Consequently, changes 
in organic matter accumulation as a result of altered primary productivity could affect soil formation. In 
addition, primary productivity in coastal marshes is a major source of detritus for both the marsh and the
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surrounding estuary (Gosselink 1979, Mitsch and Gosselink 1993). Management-induced changes in 
primary productivity, through burning or SMM, could affect nutrient cycles in the marsh-estuary system.
The effects of burning on marsh primary productivity are not clear (Nyman and Chabreck 
1995). Burning removes above-ground vegetation and litter, however, removal of rank overshadowing 
vegetation may stimulate plant productivity by increasing light penetration and surface temperature.
The effects of SMM on primary productivity also are ambiguous (Montague et al. 1987, Day et al. 1990, 
US Environmental Protection Agency 1998). Levees isolate a marsh from the neighboring estuary, 
preventing nutrient import into the marsh (except during storms) and consequently reducing plant 
growth. Alternately, nutrients or fresh water may be retained within the impoundment, and thus 
potentially augment plant growth. In addition, salinity generally is lower within impoundments, and the 
depth, duration, and frequency of flooding often are increased compared to surrounding unimpounded 
marsh (Montague et al. 1987). Such hydrologic changes probably affect plant productivity. Finally, 
burning and SMM together may interactively affect vegetation. For example, post-fire water level 
influences vegetation growth rates (Mendelssohn et al. 1995); if the water level within an impoundment 
is high following a winter bum, plant regrowth may be reduced compared to a recently burned 
unimpounded marsh with a lower water level.
Information on effects of burning and SMM on above- and below-ground plant productivity are 
necessary to address these questions. I experimentally tested the effects of winter burning and structural 
marsh management on above- and below-ground biomass in coastal marshes of the Gulf Coast Chenier 
Plain. In many wetland types, fire temporarily decreases vegetation biomass, density, and cover, 
however, such changes usually are short-lived, and recovery often occurs in 1 year (Mendelssohn et al. 
1995, Chapters 2, 3). Thus, I predicted a marked reduction in biomass during the first post-fire growing 
season in my experiment, but negligible differences thereafter. Above-ground productivity may be 
higher in impounded marshes due to retention of fresh water and subsequently lower salinity (Zedler et 
al. 1980). Because SMM in southwestern Louisiana aims to maintain low salinity, I predicted that 
productivity would be higher within impoundments than within unimpounded marshes.
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STUDY AREA AND METHODS
I chose Rockefeller State Wildlife Refuge (RWR Figure 4.1) in southwestern Louisiana as a 
representative area of the Gulf Coast Chenier Plain. RWR (headquarters coordinates: 29°40'30"N, 
92°48'45"), a 30,700 ha area managed by the Louisiana Department of Wildlife and Fisheries (LDWF) 
in Cameron and Vermilion parishes, is bordered by Louisiana Highway 82 on the north and the Gulf of 
Mexico on the south (Figure 4.1). RWR consists of 17 marsh units (impoundments) ranging in size 
from 200 to >4,000 ha (Wicker et al. 1983), and approximately 11,700 ha of tidally influenced 
unimpounded marshes. Most impoundments were constructed during the late 1950s and are separated 
by a network of canals. Management bums on RWR are conducted on a 3-year rotation, with 
approximately one-third of the refuge area burned during a single fall/winter (October-Februaiy). 
Lightning-ignited fires are a frequent occurrence on RWR, usually from June through August (0-6 
fires/year dining 1993-1998, T. J. Hess, unpubl. data).
Marsh types on RWR range from a band of saline marsh along the Gulf Coast, a band of 
brackish marsh further inland, and intermediate marsh still further inland (Chabreck 1970, Chabreck 
and Linscombe 1988). Saline marsh (salinity >10 ppt) is dominated by Spartina altemijlora, S. patens, 
and Distichlis spicata. Brackish marsh (5-10 ppt) is characterized by S. patens, D. spicata, and Scirpus 
spp. Intermediate marsh (1-5 ppt) is dominated by Spartina patens and Sagittaria falcata (Chabreck 
1970, Chabreck 1972, Chabreck and Linscombe 1988). Impounded marshes in my study were 
intermediate or brackish; unimpounded marshes were exposed to Gulf tides and were brackish or saline. 
Unimpounded intermediate and impounded saline marshes are not present on RWR, and I did not study 
the small area of fresh marsh (salinity <1 ppt) present on RWR
Using vegetation-type and fire-history maps of RWR, I selected 14 study marshes that met the 
following criteria (Figure 4.1): (1) minimum area of 100 ha of emergent vegetation with little open 
water, (2) presence of a firebreak (i.e., bayou or canal), (3) homogeneous marsh type and fire history 
within an area, (4) site accessibility, and (5) absence of other research projects or physical structures that 
potentially could be damaged by fire. I chose 3 impounded areas in brackish marsh and 5 in 
intermediate marsh. I chose 3 unimpounded areas in brackish marsh and 3 in saline marsh. In March
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Figure 4.1. Map of the Gulf Coast Chenier Plain showing location of Rockefeller State Wildlife Refuge 
and approximate locations of 11 burned and unbumed sampling station pairs. Solid lines within the 
refuge boundary represent major levees. Empty symbols indicate intermediate marsh, shaded symbols 
indicate brackish marsh, and solid symbols indicate saline marsh.
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and September 1996, unintentional fires caused by neighboring landowners or other research crews 
burned 3 impounded plot pairs (2 intermediate and 1 brackish); consequently, I excluded data from 
these sites in my analysis.
Experimental Desigp
I used a split-plot experimental design (Sokal and Rolilf 1981), in which each >100 ha area 
(the whole-plot) was divided into 2 tracts, each >50 ha (the split-plots), with a firebreak as the dividing 
line. I randomly assigned burn treatment to 1 side of each firebreak. A 100 m x 100 m sampling station 
was located randomly within each tract, and marked with conduit pipe at 20-m intervals along the east- 
west center line. Distance between paired stations ranged from 0.5 to 3.5 km, and was less than 1 km 
for all but 2 pairs (Figure 4.1).
Assigned tracts were burned on 9-11 and 13 December 1995 and 9 January 1996. Fires were 
either head or back fires, and were conducted with approximately 5 cm of water over the marsh surface. 
One control sampling station was burned accidentally when fire advanced beyond the firebreak; this 
station was relocated to an unbumed area about 100 m from the bum edge within the same 
impoundment. One unimpounded tract assigned to be burned did not bum, and was relocated to another 
unimpounded location in a burned tract 700 m away.
I collected vegetation samples from each sampling station between 24 July-8 August, in each of 
3 years (1996-1998). I cut all standing vegetation present within a 0.25m2 plastic frame placed at 6 
randomly chosen locations within each station. Below-ground material also was collected from within 
the clipped area using a 10.2 cm diameter x 12.7 cm height (volume = 1038 cm3) plastic sewer pipe 
pushed into the ground. I separated above-ground material into live or dead categories, and further 
sorted live above-ground material to species. Below-ground material was rinsed in a 1-mm mesh sieve 
to remove mud. All samples were oven-dried (70° C) to constant weight (<1 g change over 8 hours), 
and weighed (+ 0.01 g).
I measured water depth (± 0.5 cm) relative to the marsh surface at each station monthly from 
January to March 1996, and at the time vegetation samples were collected. Measurements were taken 
from a well made of perforated sewer pipe pushed in the ground, with a stream gauge inserted to a depth
90
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of 30 cm in the center of the pipe. Water salinity at each well was recorded (± 0.1 ppt) using a YSI-30 
(Yellow Springs Instrument Co., Yellow Springs, Ohio) at the same time as water depth.
Statistical Analysis
I analyzed the following response variables with split-plot ANOVAs (Proc. GLM, SAS Institute 
1990): number of plant species, and biomass of above-ground (separate ANOVAs for total, live, dead, 
and each of the 5 most abundant species), proportion of dead to total above-ground biomass, and below- 
ground vegetation. My model included management type (MANAGE; impounded or unimpounded) as 
the whole-plot effect, bum treatment (BURN; burned or unbumed) as the split-plot effect, and year 
(YEAR; 1996,1997, or 1998) as a repeated measure. I pooled all data from the 6 0.25m2 subsamples to 
obtain 1 value/station. Above-ground data were converted to g m"2; below-ground data were converted 
to g 1000 cm"3. All response variables were then transformed (logi0[Y+l]) before analysis to meet 
assumptions (normal distribution of residuals, homoscedascity) for parametric procedures (Sokal and 
Rohlf 1981). I report means and confidence intervals as back-transformed values. When a significant 
effect was detected, I conducted pairwise comparisons using the PDIFF option in the LSMEANS 
statement (Proc. GLM, SAS Institute 1990). I did not collect data in 1 unbumed subplot (Unit 6) during 
1997 or 1998 because it was struck by lightning and burned during July 1997; data were collected from 
this station in 1996 and included for analysis.
RESULTS
Water depth (measurable range = -28.1- 17.1 cm; C.V. = -724.5) and salinity (range = 0.5 -  
23.4 ppt; C.V. = 73.1) varied dramatically among and within stations (Table 4.1). In July 1996, water 
depth was at or below the marsh surface in all but 3 stations, due to severe drought (Table 4.1).
I recorded 21 plant species (including dead vegetation as a species) over the 3 years of the 
study. Six species (dead vegetation, Spartina patens, Distichlis spicata, Spartina altemiflora, Scirpus 
robustus, and Typha spp.) comprised >98% of the total biomass (Table 4.2). Dead vegetation and 
Spartina patens were dominant (Table 4.2, Figure 4.2). I detected a significant BURN x YEAR 
interaction (P < 0.01) in the analysis of dead/total above-ground biomass (Table 4.3). The contribution 
of dead vegetation to the total above-ground biomass in unbumed stations was consistent (about 55%)
91
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 4.1. Water salinity (ppt) and water depth relative to marsh surface (cm) at 11 study marshes at 
Rockefeller State Wildlife Refuge in southwest Louisiana, 1996-1998. Winter 1996 data are averages of 
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1 B I-I 1.5 0.4 2.3 0.0 12.8 6.7
1 U I-I 0.6 0.5 0.6 0.3 17.1 11.6
2 B I-I 2.2 6.8 0.4 3.5 -0.3 -13.4 11.5 -10.4
2 U I-I 9.8 0.2 1.0 12.0 -0.2 -22.0 9.1 -7.9
3 B B-I 3.1 3.8 2.0 2.0 0.1 9.8 12.2 9.8
33 U B-I 2.9 1.9 -0.0 0.0
4 B I-I 0.6 0.6 2.2 -0.2 6.1 -8.5
4 U I-I 1.1 0.5 2.1 0.1 9.8 -4.9
5 B B-I 11.0 16.0 5.9 12.7 -0.2 -26.2 -4.3 -12.2
5 U B-I 3.3 3.9 14.9 -0.5 -9.1
6 B S-U 18.4 26.4 16.9 21.8 -0.4 -11.6 -4.3 -13.4
6 U S-U 14.0 10.6 2.9 6.9 0.1 24.4 0.6
7 B S-U 14.4 11.2 8.5 18.2 0.0 -20.0 -1.5 5.5
7 U S-U 11.7 15.5 8.9 16.7 0.0 0.0 -4.9 0.6
8 B B-U 15.1 16.4 7.4 16.5 -0.0 -3.1 2.4 0.0
8 U B-U 12.5 7.4 2.5 7.8 -0.4 -15.1 -7.3 -3.0
9 B S-U 11.8 12.9 23.4 -0.2 -0.6 -12.2
9 U S-U 14.2 7.8 8.6 10.9 0.0 -24.4 -0.6 -13.4
10 B B-U 11.3 2.1 9.4 19.5 0.2 -28.1 3.7 14.9
10 U B-U 19.4 21.5 9.9 13.4 -0.0 2.4
11 B B-U 12.8 17.4 6.7 17.2 0.2 8.5 8.5 7.3
11 U B-U 8.7 8.4 7.1 17.5 -0.2 -7.3 -3.0 -4.9
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Table 4.1. Continued.
1 B = burned, U = unbumed.
21-1 = Intermediate impounded marsh; B-I = Brackish impounded marsh; B-U = brackish unimpounded 
marsh; S-U = saline unimpounded marsh.
3 No data collected from this plot in 1997 or 1998 due to lightning fire in July 1997
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Table 4.2. Mean biomass of above-ground (g m'2) and below-ground (g 1000 cm'3) vegetation ± 1SD in relation to management type (impounded or 
unimpounded) and bum treatment (burned or unbumed) during 3 summers on Rockefeller State Wildlife Refuge in southwest Louisiana.
Species
1996 1997 1998
BI1 BU UI UU BI BU UI UU BI BU UI UU
Total above 872+367 778+200 1994+715 1445+357 1304+526 1814+470 1564+297 1481+378 1733+579 2442+269 1990+734 1823+506
Live above 769+352 659+179 758+262 556+127 862+357 1264+422 552+308 694+196 850+250 1051+187 916+515 729+281
Dead above 103+94 118+61 1236+512 889+327 441±183 549+95 1012±370 787+260 883±517 1391±166 1073+290 1094+456
S. patens 456+457 464+282 630+385 301+271 449+479 986+582 367+164 360+314 467+215 830+314 648+397 405+363
D. spicata 36+72 185+212 45+90 104+106 124+270 252+342 34+56 153+211 100+223 168+260 28+39 182+150
S. altemiflora 0 6+9 15+34 129+194 0 6+13 18+36 132+174 0 49+101 80+169 132±170
S. robustus 33+67 4±7 45+91 20+32 93+163 15+17 103+189 46+89 55+97 4±5 80+151 9+21
Typha spp. 79+132 0 10+17 0 193+278 o±o 30+38 0 145+180 0 68+80 0
Other species2 165+205 1±2 12+23 1+2 3±7 3+6 0 1+2 83+185 0 12+16 0
Below-ground 18+3 21+6 19+5 21+4 18+3 24+9 15+5 23+6 16+2 23+7 18+3 23+3
Mean species 6.6+3.0 4.5+1.4 4.8+2.7 4.3+1.0 4.0+1.0 4.5+1.6 4.5+1.7 4.5+1.4 4.4+1.8 3.8+1.0 5.3+1.0 4.0+1.3
Total species3 15 8 10 7 7 7 7 6 9 5 9 6
1BI = bumed-impounded, BU= bumed-unimpounded, UI = unbumed-impounded, UU= unbumed-unimpounded.
2 Includes 16 other species comprising < 2% of the total above-ground biomass.
3 Includes dead vegetation as a species.
Figure 4.2. Contribution (%) of dead vegetation and 5 common species to total above-ground biomass 
in relation to management type (impounded or unimpounded) and bum treatment (burned or unbumed) 
during 3 years on Rockefeller State Wildlife Refuge in southwest Louisiana. B-I = bumed-impounded, 
B-U = bumed-unimpounded, U-I = unbumed-impounded, U-U = unbumed-unimpounded
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Table 4.3. Summary of split-plot ANOVAs examining vegetation responses in relation to management type (impounded or unimpounded) and bum treatment 
(burned or unbumed) during 3 summers on Rockefeller State Wildlife Refuge in southwest Louisiana. Levels of significance; *P< 0.05, ** P < 0.01.
Source1 df
No. of species Total above-ground Live above-ground Total below-ground Dead/total
MS2 F MS F MS F MS F MS F
M 1 0.075 0.19 0.0011 0.03 0.025 0.41 0.17 6.31* 0.0039 0.16
W(M)3 9 0.041 0.030 0.062 0.027 0.025
Y 2 0.017 3.00 0.29 27.78** 0.0556 2.63 0.00024 0.05 0.21 14.88**
YxM 2 0.012 2.00 0.030 2.89 0.069 3.28 0.013 2.70 0.010 0.70
Yx W(M)4 18 0.059 0.011 0.021 0.0049 0.014
B 1 0.0040 0.25 0.17 8.15** 0.24 7.62* 0.0089 0.01 0.96 49.86**
BxY 1 0.011 0.73 0.19 9.25** 0.049 1.55 0.010 1.04 0.16 8.52**
BxM 2 0.0049 0.31 0.13 6.11* 0.023 0.72 0.0014 0.14 0.021 1.09
Bx YxM 2 0.0070 0.45 0.068 0.33 0.00017 0.01 0.064 0.64 0.0028 0.15
Residual5 25 0.016 0.020 0.033 0.010 0.019
1M = management type, W = whole-plot, Y = year, B = bum treatment
2 Mean squares.
3 M effect tested with W(M) mean squares.
4 Y and Y x M effects tested with Y x W(M) mean squares.
5 Effects including B tested with residual error mean squares.
among years. In burned plots, this ratio reached pre-bum levels by the third post-fire growing season 
(Figure 4.2).
Cumulative number of species for any BURN x YEAR x MANAGE combination ranged from 5 
in buraed-unimpounded plots in 1998 to 15 in bumed-impounded plots in 1996 (Table 4.2). I detected 
no YEAR, BURN, or MANAGE effects (P > 0.05, Table 4.3) in the analysis of number of species. I 
detected BURN x YEAR and BURN x MANAGE interactions in the analysis of total above-ground 
biomass (P  < 0.01, Table 4.3). Total above-ground biomass increased in burned plots between 1996 and 
1998 but remained constant in unbumed plots among the 3 years (Figure 4.3A). Total above-ground 
biomass was lower in burned than in unbumed plots in 1996 but did not differ between bum treatments 
in 1997 or 1998. Total above-ground biomass was higher in unbumed than in burned plots in 
impounded marshes but did not differ between bum treatments in unimpounded marshes (Figure 4.3B). 
Total above-ground biomass did not differ between management types within each bum treatment Live 
above-ground biomass was higher (P <0.05, Table 4.3) in burned ( x  = 850 g m"2, 95% C.I. = 735-982) 
than in unbumed marshes ( x  = 629 g m'2, 95% C.I. = 540-734). Below-ground biomass was lower (P
< 0.05; Table 4.3) in impounded marsh ( x  = 17 g 1000 cm'3, 95% C.I. = 15-18) than in unimpounded 
marsh ( x  = 22 g 1000 cm'3, 95% C.I. = 20-24).
I detected BURN x YEAR and BURN x MANAGE interactions in the analysis of dead above­
ground biomass (P  < 0.01, Table 4.4). Dead above-ground biomass increased in burned plots between 
1996 and 1998 but remained constant in unbumed plots among the 3 years (Figure 4.4A). Dead above­
ground biomass was lower in burned than in unbumed plots in 1996 and 1997 but did not differ between 
bum treatments in 1998. Dead above-ground biomass was lower in burned impounded marshes than in 
burned unimpounded marshes, but did not differ between management type in unbumed plots (Figure 
4.4B). Dead above-ground biomass was lower in burned than in unbumed plots in both management 
types. The BURN x MANAGE interaction was significant in the analysis of Spartina patens biomass (P
< 0.01, Table 4.4). Spartina patens biomass in burned plots was lower in impounded than in 
unimpounded marshes and lower in unbumed unimpounded than in unbumed impounded marshes 
(Figure 4.5). Spartina patens biomass was lower in unbumed than burned plots in unimpounded
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Figure 4.3. Total above-ground plant biomass (g m"2) in burned and unbumed plots (A) over 3 years,
and (B) in impounded or unimpounded marsh on Rockefeller State Wildlife Refuge in southwest
Louisiana. Error bars represent 95% confidence intervals of back-transformed data.
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Table 4.4. Results of analysis of variance (F ratios) to test for differences in plant species biomass (g m'2) 
in response to management type (M), year (Y) and bum treatment (B) during July-August, 1996-1998 at 
Rockefeller Wildlife Refuge in southwestern Louisiana. Levels of significance; * P <  0.05, **P<  0.01.
Species
Source of variation
M Y Y xM B B x Y B x M B x Y xM
Dead vegetation 0.53 24.90** 0.35 48.01** 20.73** 6.21* 0.08
Spartina patens 0.07 2.36 1.98 2.22 0.24 14.75** 0.32
Scirpus robustus 0.30 4.89* 1.81 0.07 0.55 0.07 0.00
Distichlis spicata 3.61 0.23 1.35 0.82 0.62 0.04 0.54
Spartina altemijlora 2.30 2.26 0.11 4.77* 0.02 0.07 0.06
Typha spp. 5.07 1.16 1.24 2.23 0.09 2.23 0.09
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Figure 4.4. Dead above-ground plant biomass (g m"2) in burned and unbumed plots (A) over 3 years,
and (B) in impounded or unimpounded marsh on Rockefeller State Wildlife Refuge in southwest
Louisiana. Error bars represent 95% confidence intervals of back-transformed data.
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Figure 4.5. Spartina patens biomass (g m'2) in burned and unbumed plots in impounded or
unimpounded marsh on Rockefeller State Wildlife Refuge in southwest Louisiana. Error bars represent
95% confidence intervals of back-transformed data.
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marshes, but did not differ between bum treatment in impounded marshes. I detected a significant 
YEAR effect in the analysis of Scirpus robustus biomass (P < 0.05, Table 4.4); however, the LSMEANS 
test did not indicate any significant pairwise comparisons. Mean biomass of Scirpus robustus appeared 
higher in 1997 ( r = 7 g m ‘2, 95% C.I. = 3-14) than in 1996 ( x = 3 g m J, 95% C.I. = 2-7) or 1998 ( x  
= 3 g m"2, 95% C.I. = 1-7). Spartina altemijlora biomass was higher (P < 0.05, Table 4.4) in unbumed 
( x  = 6 g m"2, 95% C.I. = 2-14) than in burned plots ( x  = 0 g m'2, 95% C.I. = 0-2). Biomass of 
Distichlis spicata and Typha spp. were unaffected by any treatment (P > 0.05, Table 4.4).
DISCUSSION
As in other wetland habitats (Mendelssohn et al. 1995), my findings indicate that winter 
burning in the Chenier Plain does not affect number of plant species. In addition, I found that species 
composition did not change following burning; species present in unbumed plots were present in burned 
plots, and only a few minor species invaded burned plots in the first post-fire growing season. The 
observed consistency in species diversity indicates that coastal marsh plants are fire-adapted (see 
Hackney and de la Cruz 1983, Abrahamson 1984), as would be expected in an environment in which 
natural lightning fires are a common occurrence (Nyman and Chabreck 1995).
Frequency and season of burning, however, may influence species responses. I conducted my 
experimental bums only once, during the first winter of my study to mimic current management 
practices. Lightning fires in southwest Louisiana, on the other hand, occur at unpredictable frequencies, 
mostly from June to August Chabreck (1981) showed that species composition could be altered by 
varying the season of the bum. Also, burning at more frequent intervals can change species composition 
(Hackney and de la Cruz 1983). O’Neil (1949) recommended 3-4 years of repeated burning during fall 
or winter followed by periodic bums at 3-4 years intervals to change Spartinapatens-Distichlis spicata 
dominated marsh to Scirpus robustus-Scirpus americanus marsh in Louisiana. Comparative studies of 
managed burns of different frequencies or seasonality with natural lightning fires will help in 
understanding the role of fire in coastal marsh ecosystem function and evolution.
Number of plant species generally is higher in impounded than in unimpounded marshes 
(Chabreck 1960) and increases with decreasing salinity (Odum 1988). I found that number of species
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did not differ between management types, although there was a trend for more species in impounded 
than in unimpounded marshes. In another study in the same area during May 1996-1998 (Chapter 3), 
number of plant species was dramatically higher in impounded than unimpounded stations only in 1996, 
a year during which a severe drought occurred in southwest Louisiana (Table 4.1, NOAA 1996). The 
drought resulted in a natural drawdown within impoundments from April-June, allowing annuals and 
flood-intolerant species to germinate and complete their life cycle (van der Valk 1981, Pederson and 
Smith 1988, Baldwin et al. 1996) before normal precipitation patterns returned in mid-June. These 
species senesced before I sampled vegetation in July-August (pers. obs.).
I found that biomass of Spartina patens increased in response to burning in unimpounded but 
not impounded marshes. Spartina patens is competitively inferior to other plant species in low salinity- 
high water conditions (Babcock 1967, Broome et al. 1995) and appears better adapted to the post-fire 
environmental conditions in unimpounded marshes (high salinity and periodic drying due to tides) than 
impounded marshes. Impounded marshes, particularly those of the intermediate marsh type, are 
managed to reduce salinity and maintain water levels at or above the marsh surface. Salinity in my 
intermediate impounded burned plots was <5 ppt during the winter immediately following burning. 
Consequently, environmental conditions within impoundments favored growth of plant species other 
than Spartina patens, particularly in the first post-fire year (see Figure 4.2).
Winter burning increased live above-ground biomass compared to unbumed plots. Similar 
responses were reported for Juncus roemerianus and Spartina cynosuroides marshes in Mississippi 
(Hackney and de la Cruz 1983) and for Juncus roemerianus and Spartina bakeri marshes in Florida 
(Schmalzer et al. 1991). Penfound and Hathaway (1938) suggested that ash acted as fertilizer.
Increases in soil calcium, magnesium, potassium and phosphate have been detected in wetland soils 1 
month after burning (Schmalzer and Hinkle 1992). However, Hackney and de la Cruz (1983) 
demonstrated that addition of fertilizer had no effect on productivity in brackish marshes, and suggested 
that increased productivity in burned plots was a response to increased light reaching the soil surface 
and consequently higher soil temperatures. I suspect that the latter explanation applies to my study
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because heavy rainfall (NOAA 1996) immediately following my experimental bums probably diluted 
any deposited ash.
Marsh management plans in the Louisiana Chenier Plain typically avoid burning when water 
levels are at or below the marsh surface because such fires may bum peat or root layers, exposing 
mineral sediment These “peat bums” often result in long-lived areas of unvegetated open water 
(Nyman and Chabreck 1995). My experimental bums were conducted with >5 cm of water over the 
marsh surface; consequently, bum treatment had no effect on below-ground biomass. However, I found 
that below-ground biomass was higher in unimpounded than in impounded marshes. Large root mass 
may be a response to the high salinity and low water potential conditions of unmanaged marshes, 
enabling plants to maintain water uptake and reduce internal salt concentrations (Smith et al. 1979). 
My previous research (Chapters 2,3) showed that species composition and vegetation structural 
characteristics (percent cover, visual obstruction) in burned plots recovered to unbumed levels in <1 
year. In the present study, I found that species composition was unaffected by winter burning, but 
recovery of total above-ground and dead above-ground biomass required 2 and 3 years, respectively. 
Also, the proportion of dead to total above-ground biomass in burned plots was lower than in unbumed 
plots until the third year post-bum. A similar pattern of rapid recovery in species composition and 
vegetative cover, but slow recovery of biomass occurs in Florida coastal marshes (Schmalzer et al.
1991). Although total above-ground and dead above-ground biomass remained below unbumed levels 
for several years, I found that live above-ground biomass recovered relatively quickly following binning. 
These results are similar to those reported for Juncus roemerianus, Spartina cynosuroides, S. bakeri, 
and S. spartinae marshes (McAtee et al. 1979, Hackney and de la Cruz 1983, Schmalzer et al. 1991). I 
conclude that a major consequence of burning in coastal marshes is removal of dead vegetation and a 
reduction in total biomass that may persist for several years.
In summary, I found that winter burning and SMM did not alter plant species composition in 
the Gulf Coast Chenier Plain. I observed that burning increased biomass of live vegetation in 
subsequent growing seasons, although biomass of dead above-ground vegetation was reduced for several 
years post-fire. I also observed that burning and impoundment interacted to inhibit Spartina patens
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productivity. My impounded marshes had lower below-ground biomass than did unimpounded 
marshes. I conclude that current marsh management practices can influence marsh primary 
productivity; these changes may impact other marsh processes dependent on organic matter 
accumulation and decay.
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CHAPTER 5. EFFECTS OF WINTER BURNING ON LOUISIANA SEASIDE SPARROWS IN 
THE GULF COAST CHENIER PLAIN, USA
INTRODUCTION
Louisiana Seaside Sparrows (Ammodramus maritimus fisheri) breed and winter exclusively in 
brackish and saline marshes along the northern Gulf of Mexico from western Florida to southeastern 
Texas (Robbins 1983, Post and Greenlaw 1994). Marsh loss along the northern Gulf Coast has been 
dramatic (Boesch et al. 1983, Alexander et al. 1986). In Louisiana, for example, an estimated 46% of 
presettlement wetlands had been lost by the 1980s (Mitsch and Gosselink 1993). Many remaining 
marshes have been altered considerably or are under intense development pressure (Boesch et al. 1983, 
Cowan et al. 1988). The Dusky (A. m. nigrescens) and Smyrna Seaside Sparrows (A. m. pelonata) were 
sensitive to human-induced habitat changes and now are extinct (Post and Greenlaw 1994). Because its 
habitat is disappearing rapidly, the Seaside Sparrow currently is considered a “nongame migratory 
species of management concern” throughout much of its range (Greenlaw 1992).
Summer lightning fires occur frequently throughout much of the range of Louisiana Seaside 
Sparrows. Many public and private marsh managers use fall or winter bums to alter plant communities 
and promote food plants preferred by muskrats (Odantra zibethicus) and waterfowl (Anatidae) (Nyman 
and Chabreck 1995). Frequent human-induced fires have been cited as a major threat to the Cape Sable 
Seaside Sparrow (A. m. mirabilis) in southern Florida (Kushlan and Bass 1983), and winter wildfires 
apparently contributed to the decline of the Dusky Seaside Sparrow (Baker 1973, 1978). However, I am 
unaware of any studies that have directly examined effects of management bums on any Seaside 
Sparrow population. I compared relative abundance of male Seaside Sparrows and productivity indices 
in Chenier Plain marshes during the breeding season before (April-July 1996) and 2 breeding seasons 
after (April-July 1997-1998) experimental bums conducted during January 1997.
Cape Sable Seaside Sparrows avoided recently burned marshes in southern Florida, but 
recolonized these areas within 2 years as vegetation biomass recovered (Taylor 1983). In another study,
I found that abundance of coastal marsh sparrows (primarily Louisiana Seaside Sparrows, but also 
including Nelson’s Sharp-tailed Sparrows [Ammodramus nelsoni] and Swamp Sparrows [Melospiza 
georgiana]) was reduced markedly in the first post-fire breeding season compared to unbumed marshes
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(Chapter 3). However, in the second and third post-fire breeding seasons, sparrow abundance in these 
same burned plots surpassed that of unbumed plots. Consequently, I predicted that abundance of male 
Louisiana Seaside Sparrows and productivity indices in burned marshes would be lower than those in 
unbumed marshes during the first post-fire breeding season, but these parameters would be equal to or 
greater in burned than in unbumed marshes in the second post-fire breeding season.
STUDY AREA AND METHODS
I chose Rockefeller State Wildlife Refuge (RWR) as a representative area within the Gulf Coast 
Chenier Plain. RWR, located in Cameron and Vermilion parishes in southwestern Louisiana, is a 
30,700 ha area managed by the Louisiana Department of Wildlife and Fisheries (LDWF) (Figure 5.1). 
RWR consists of 17 marsh units (impoundments) ranging in size from 200 to >4,000 ha (Wicker et al. 
1983), and approximately 11,700 ha of tidally influenced unimpounded marshes. Most impoundments 
were constructed during the late 1950s and are separated by a network of canals. Management bums on 
RWR are conducted on a 3-year rotation, with approximately one-third of the refuge area burned during 
a single fall/winter (October-February). Lightning-ignited fires are a  frequent occurrence on RWR, 
usually from June-August (0-3 fires/year during 1993-1995, T. J. Hess, unpubl. data).
Marsh types on RWR range from a band of saline marsh along the Gulf Coast, a band of 
brackish marsh further inland, and intermediate marsh still further inland (Chabreck 1970, Chabreck 
and Linscombe 1988). Saline marsh (salinity >10 ppt) is dominated by Spartina altemiflora, S. patens, 
and Distichlis spicata. Brackish marsh (5-10 ppt) is characterized by S. patens, D. spicata, and Scirpus 
spp. Intermediate marsh (1-5 ppt) is dominated by Spartina patens (Chabreck 1970, 1972; Chabreck 
and Linscombe 1988). Impounded marshes in my study were brackish; unimpounded marshes were 
exposed to tidal action of the Gulf and were brackish or saline. I did not use intermediate or fresh 
(salinity <1 ppt) marshes because Seaside Sparrows were absent from these marsh types (Chapters 2,3) 
Using vegetation-type and fire-history maps of RWR, I selected 4 study marshes (Figure 5.1) that met 
the following criteria: (1) minimum area of 100 ha; (2) presence of a firebreak (bayou, canal); (3) 
homogeneous marsh type and fire history within an area; (4) site accessibility; and (5) absence of other 
research or physical structures potentially damaged by fire. Given these criteria, I selected 2 marshes
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Figure 5.1. Map of Gulf Coast Chenier Plain showing location of Rockefeller State Wildlife Refuge and 
approximate locations of 4 pairs of burned and unbumed grids. Solid lines within the refuge boundary 
represent major levees. Solid and empty symbols indicate grids in brackish and saline marsh, 
respectively. Squares represent grids burned in January 1997; circles represent unbumed grids.
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in brackish impoundments, 1 in unimpounded saline and 1 in unimpounded brackish marsh. Firebreaks 
divided each marsh into 2 plots (4 marshes x 2 plots/marsh = 8 plots). Within each plot, I established a 
250 m x 250 m grid (6.25 ha) marked at 25-m intervals with colored surveying flag (Petersen and Best 
1987). One grid in each marsh was chosen randomly to be burned during January 1997. Experimental 
grids were burned on 9 or 18 January 1997. I collected bird and vegetation data (see below) during the 
breeding season (April-July 1996) prior to burning and during 2 post-fire breeding seasons (April-July 
1997-1998).
Bird Censuses
I recorded relative abundance of male Louisiana Seaside Sparrows (identified by vocalization or 
other territorial behavior) in study marshes using the spot mapping method (Ralph et al. 1993) during 
April-July of each of 3 years (1996-1998). Observers walked slowly along alternating rows within the 
grid and recorded the location and flight direction of all male (determined by singing or territorial 
behavior) Seaside Sparrows encountered on a field map (scale: 2 cm = 25 m, each 2 cm x 2 cm block 
divided into 9 0.67-cm2 blocks). I did not use spot-map locations to determine territory boundaries 
because (1) territory size varies temporally (Best 1975), (2) individuals were spaced closely, resulting in 
subjective measurements (International Bird Census Committee 1970, Best 1975), and (3) males often 
moved to only 1 or 2 perches before flying beyond grid boundaries or disappearing into vegetation (pers. 
obs.).
Two observers conducted censuses in each year with 1 observer present in all 3 years. Paired 
grids were censused simultaneously (1 observer/grid). To reduce potential observer bias, observers 
alternated between grids within each grid pair. Starting point for each survey rotated among 4 points (1 
on each side of the grid). I began censuses in early morning and completed them within 4 h of sunrise.
In 1997 and 1998,1 censused bird populations 11 times from April-July, once during every 10-day 
interval (International Bird Census Committee 1970). Because a severe drought in April-May 1996 
logistically prevented more frequent access to grids, I censused bird populations 8 times/grid during 
April-July 1996, once during the first 2 weeks and once during the last 2 weeks of each month.
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Productivity Indices
I used nesting activity indicators (NAI: nests, copulation events, adult birds carrying food or 
nesting material, or flightless juveniles) to index productivity of Louisiana Seaside Sparrows because of 
difficulty in locating nests in dense vegetation and concern for investigator-induced nest failure. I 
plotted NAI observed during censuses on maps to avoid double counting. In addition, beginning in May 
1996,1 conducted 1-h NAI searches before and after each census. The observer walked through the grid 
on alternating flag lines (not those used during censuses) and recorded any NAI observed. I conducted 
NAI searches on each census day in 1997 and 1998.
Vegetation Characteristics
I collected vegetation data at 12 randomly chosen markers in each grid during the first week of 
June in all 3 years. I measured visual obstruction (an index to plant height) following methods 
described by Robel et al. (1970). A 3-m pole marked at 0.1-m intervals was placed vertically at the 
vegetation point The observer stood 4 m to the south, and with eye level at 1 m above the ground, 
recorded the lowest interval on the pole that was not completely obscured by vegetation. Percent total 
vegetation cover (all plant species combined) and percent dead vegetation cover at each point were 
determined by laying a 1-m pole marked at 0.1-m intervals on the ground, and determining the percent 
of the pole covered (Chabreck et al. 1985). Cover classes were 7 (76-100%), 6 (51-75%), 5 (26-50%),
4 (6-25%), 3 (1-5%), 2 (few stems), and 1 (single stem) (Mueller-Dambois and Ellenberg 1974). I 
gave points located in a pond or unvegetated mud visual obstruction and cover scores of 0. To calculate 
mean values for categorical data, I converted cover classes to a continuous response using the midpoint 
of the class (i.e., Class 7 = 87.5%, Class 6 = 62.5, Class 5 = 37.5, Class 4 = 15, Class 3 = 2.5, and 
Classes 1 and 2 = 0.5 [Agresti 1996, Pahl et al. 1997]). I calculated the mean visual obstruction score, 
mean total cover midpoint, and mean dead cover midpoint at each grid.
Breeding Site Fidelity
I used mist nets to capture and band Seaside Sparrows in pairs of bumed-unbumed grids to 
estimate site fidelity in response to burning. I placed 3 to 7 nets (6 m x 2 m x 36 mm mesh, 12 m x 2 m 
x 36 mm mesh) in a line along a flag row, and 2 to 5 workers attempted to flush sparrows into the nets
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by walking towards the nets. Using plumage characteristics, I aged captured sparrows as adult or 
juvenile. I sexed sparrows based on presence of a brood patch or cloacal protuberance (Pyle et al. 1991). 
Sparrows were fitted with an aluminum USFWS band and 1 to 3 colored leg bands. In 1996,1 used 1 or 
2 colored bands to identify age, sex, and grid where captured. In 1997, each sparrow received a unique 
combination of bands to facilitate individual recognition I defined net-hours as the number of 6-m nets 
(12-m nets were counted as two nets) times the number of horns spent trapping. Capture, resight, and 
recapture locations were noted on field maps.
Analysis
I analyzed pre-bum (1996) data separately from post-bum data (1997, 1998) because the first 
year was a pilot year in which study protocols were developed and because sampling effort differed from 
post-bum years (see Bird censuses and Productivity indices above). For pre-bum data, I compared male 
sparrow abundance using a repeated measures analysis of variance (ANOVA) with bum treatment 
(BURN, burned or unbumed) as the explanatory variable and survey period (WEEK, 1-8) as the 
repeated measure. I compared NAI, visual obstruction scores, percent total vegetation cover, and 
percent dead vegetation cover using single-factor ANQVAs with BURN as the explanatory variable.
For post-bum data, I  compared male sparrow abundance using a repeated measures analysis of 
variance (ANOVA) with bum treatment as the explanatory variable, and YEAR (1997, 1998) and 
survey period (WEEK, 1-11) as repeated measures. I analyzed NAI, vegetation response variables 
(visual obstruction, percent total vegetation cover, and percent dead vegetation cover) with a model 
similar to male sparrow abundance, except that WEEK was excluded from the model.
In all analyses, I made pairwise comparisons when necessary using the LSMEANS option in 
PROC GLM (SAS Institute 1990). Because grids were located in impounded and unimpounded 
marshes, I included management type (MANAGE, impounded or unimpounded) as a block effect in all 
ANOVAs. I transformed (logio[Y + 1]) male sparrow abundance, NAI, and visual obstruction scores to 
meet assumptions for parametric procedures (Sokal and Rohlf 1981). I report least-squares means and 
95% confidence intervals as back-transformed values unless otherwise indicated. Because only 4 
marshes were available at RWR that met my criteria and concomitantly low statistical power, I selected
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a priori a significance level of 0.10 (Cohen 1977). Because the 3 vegetation characteristics represent 
multivariate measurements taken at a single point, I adjusted the significance level for vegetation 
analyses by dividing the original significance level (0.10) by the number of hypotheses tested (3) for an 
adjusted significance level o f0.033 (Beal and Khamis 1991, Johnson and Wichem 1992).
RESULTS
Pre-burn Analysis
In the analysis of number of males during the 1996 breeding season, I detected no significant 
effects between control grids and those chosen for subsequent burning (P > 0.28, Table 5.1). I observed 
a mean of 11.9 (95% C.I. = 10.0-14.2) male sparrows/survey. Total number of NAI in 1996 did not 
differ between control grids and those selected to be burned (F = 0.25; df = 1, 5; P  = 0.64). Overall, I 
observed 3.3 (95% C. I. = 1.3-7.0) NAI/grid in 1996.
Visual obstruction scores (F= 0.32; df = 2, 5; P = 0.60), percent total vegetation cover (F= 
3.70 df= 2, 5; P  = 0.11) and percent dead vegetation cover (F -  0.1.65; df =2,5;  P = 0.26) did not 
differ between control grids and those chosen for burning. Mean values for all grids combined were 7.5 
(95% C.I. = 6.0-9.3) for visual obstruction, 80.2% (95% C.I. = 69.5-91.0) for percent total vegetation 
cover, and 76.6% (95% C.I. = 65.8-87.5) for percent dead vegetation cover.
Male abundance, productivity indices, and vegetation characteristics did not differ between 
control grids and those chosen to be burned; consequently, any differences observed dining the 2 post­
bum breeding seasons were responses to burning.
Post-bum Analysis
My initial analysis of post-bum abundance of male Seaside Sparrows indicated a BURN x 
WEEK x YEAR interaction (P=  4.22; df = 21, 131; P  < 0.01). Because I was interested primarily in 
within year differences, I subsequently conducted separate ANOVAs for 1997 and 1998 to examine 
BURN x WEEK interactions. For 1997 data, I detected a BURN x WEEK interaction (P < 0.01, Table 
5.1). Abundance of male sparrows was lower in burned than unbumed grids for the first 5 census 
periods of 1997 but similar thereafter (Figure 5.2A). In 1998, male sparrow abundance was higher in 
burned than in unbumed grids throughout the entire breeding season (P <0.01, Table 5.1, Figure 5.2B).
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Table 5.1. Results of within-year ANOVAs for abundance of Louisiana Seaside Sparrow males in burned or unbumed grids during 3 breeding seasons on 




df MS* F P df MS F P df MS F P
MANAGE 1 0.47 1 0.00048 1 0.79
BURN 1 0.070 0.94 0.34 1 1.27 11.14 <0.01 1 1.95 270.4 <0.01
WEEK 7 0.095 1.29 0.28 10 0.20 1.72 0.01 10 0.19 2.61 <0.01
BURN x WEEK 7 0.026 0.35 0.92 10 0.47 4.15 <0.01 10 0.052 0.72 0.70
Residual3 47 0.074 65 0.11 65 0.072
1 MANAGE= impounded or unimpounded; BURN = burned or unbumed; WEEK = 1 -8  (1996) or 1 -1 1  (1997, 1998).
2 Mean squares.
3 All explanatory variables were tested with Residual mean squares as the denominator.
Figure 5.2. Mean number of male Seaside Sparrows recorded in burned and unbumed marshes on 
Rockefeller State Wildlife Refuge during (A) 1997, and (B) 1998. Experimental bums were conducted 
in January 1997. Points connected with vertical lines are not significantly different (P > 0.10).
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The WEEK effect also was significant in 1998 (P < 0.01, Table 5.1). Male sparrow abundance 
generally was highest during May and June 1998 in both burned and unbumed grids (Figure 5.2B).
In 1997, mean cumulative NAI was 2 times higher in unbumed than in burned grids; in 1998, 
mean cumulative NAI was 20% higher in burned than in unbumed grids (Figure 5.3). However, the 
BURN x YEAR interaction (F = 0.60; df = 1,11; P  = 0.45) and BURN main effect (F= 0.02; df = 1,11; 
P  = 0.90) were not significant. NAI was higher (F= 10.41; df = 1, 11; P < 0.01) in 1998 ( x  = 4.6 NAI; 
95% C.I. = 4.6-14.0) than in 1997 ( x=  2.1 NAI; 95% C.I. = 0.9-4.1).
BURN, YEAR, or their interaction had no effect on visual obstruction scores (P > 0.47) or 
percent total vegetation cover (P > 0.15, Table 5.2). Overall mean visual obstruction score was 7.4 
(95% C.I. -  6.1-8.9), and mean percent total vegetation cover was 79.5 (95% C.I. = 73.3-85.7). I 
detected a significant YEAR x BURN interaction in the analysis of dead vegetation cover (P < 0.01; 
Table 5.2). In 1997, percent dead vegetation cover was lower in burned than in unbumed grids but did 
not differ between bum treatments in 1998 (Figure 5.4). Percent dead vegetation cover in burned grids 
was lower in 1997 than in 1998.
Breeding Site Fidelity
I banded 115 (73 in 1996,42 in 1997) Seaside Sparrows during 290 net-hours (Table 5.3) in 2 
burned and 2 unbumed grids. Netting effort was low in burned grids in 1997 because sparrows were not 
present in these 2 grids throughout much of 1997. All encounters (resightings or recaptures) were of 
sparrows banded as adults and were in the grids in which they were initially caught In 1997,1 
recaptured 3 of 27 adult sparrows banded in 1996 in unbumed grids, all within 100 m of the location of 
initial capture. Also in 1997,1 resighted >2 1996 adult sparrows on 5 occasions in the unbumed grids.
In contrast I resighted 1 of 35 adult sparrows banded in binned grids in 1996, and none were recaptured 
in 1997. In 1998,1 resighted 7 of 38 adult sparrows banded in unbumed grids in 1997; no 1996 birds 
were resighted in unbumed grids in 1998. In burned grids, however, I resighted >1 1996 sparrow on 2 
occasions in a single burned grid.
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Figure S.3. Mean number (untransformed data) of Seaside Sparrow nesting activity indicators observed 
in burned and unbumed marshes on Rockefeller State Wildlife Refuge during April-July, 1997-1998. 
Error bars represent upper 95% confidence limits. Experimental bums were conducted in January 1997.
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Table 5.2. Results of ANOVAs of 3 vegetation characteristics in burned and unbumed grids during 2 post­
bum breeding seasons (1997, 1998) at Rockefeller State Wildlife Refuge, southwestern Louisiana.
Source1 df
Visual obstruction Percent total cover Percent dead cover
MS* F P MS F P MS F P
MANAGE 1 0.0059 416.42 1198.89
BURN 1 0.0081 0.38 0.55 1.59 0.01 0.91 2290.02 12.34 <0.01
YEAR 1 0.012 0.55 0.47 267.12 2.39 0.15 4298.44 23.16 <0.01
BURN x YEAR 1 0.0053 0.25 0.63 115.34 1.03 0.33 2123.67 11.44 <0.01
Residual3 15 0.021 111.71 185.58
1 MANAGE = impounded or unimpounded; YEAR = 1996 or 1997; BURN = burned or unbumed.
2 Mean squares.
3 All explanatory variables were tested with Residual mean squares as the denominator.
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Figure 5.4. Mean percent dead vegetation cover in burned and unbumed marshes on Rockefeller State 
Wildlife Refuge during 2 post-bum breeding seasons. Error bars represent 95% confidence limits.
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Table 5.3. Number of Seaside Sparrows banded and recaptured or resighted in 2 burned and 2 unbumed 
impounded grids during 3 breeding seasons on Rockefeller State Wildlife Refuge, southwestern 
Louisiana. Experimental bums were conducted in January 1997, after 1 year of pre-bum data collection.
Marsh 1 Marsh 2
Year Burned Unbumed Binned Unbumed
1996 (pre-bum)
Net-hours 57 34 36 38.5
New captures -adults 12 8 23 19
New captures -  juveniles 0 2 3 6
No. of resights 2 2 1 1
No. of individuals resighted >1 >1 1 1
1997 (1 year post-bum)
Net-hours 0 32.5 7.5 84.5
New captures -adults 0 2 1 36
New captures -  juveniles 0 0 0 3
No. of 1997 resights 0 1 0 24
No. of 1997 individuals resighted 0 1 0 >9
No. of 1997 recaptures 0 0 0 0
No. of 1996 resights 0 1 1 4
No. of 1996 individuals resighted 0 1 1 >1
No. of 1996 recaptures 0 1 0 2
1998 (2 years post-bum)
No. of 1997 resights 0 2 0 8
No. of 1997 individuals resighted 0 1 0 6
No. of 1996 resights 0 0 2 0
No. of 1996 individuals resighted 0 0 >1 0
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DISCUSSION
I found that abundance of male Louisiana Seaside Sparrows was reduced markedly during the 
first post-bum breeding season (April-July 1997). In addition, the productivity index in burned grids 
was half that of unbumed grids during the first post-fire breeding season, although this difference was 
not statistically significant In the second post-bum breeding season (April-July 1998), abundance of 
male Seaside Sparrows increased significantly, and the productivity index was 20% greater, in burned 
than in unbumed grids. A similar pattern of initial post-bum decline and subsequent population 
increase, as plant succession progressed, was suggested for Cape Sable Seaside Sparrows (Taylor 1983). 
Seaside Sparrows nest in low vegetation, and may require a threshold of ground cover not attained until 
the second post-fire summer as suggested for Vesper Sparrows (Pooecetes gramineus) (Petersen and 
Best 1987). The dominant vegetation in my study area, Spartina patens, usually is standing erect in the 
early growth stages, but as it senesces or reaches a height of about 1 m, it falls over, creating a low (<1 
m) closed canopy. This canopy develops by the second post-fire summer (pers. obs.), coinciding with 
high sparrow abundance in burned grids.
In my analysis of vegetation data, I found that visual obstruction and percent total vegetation 
cover did not differ between bum treatments during either post-bum breeding season. Percent dead 
vegetation cover, however, was >50% lower in burned compared to unbumed grids in the first post-bum 
breeding season (1997), when sparrow abundance was low. In 1998, however, dead vegetation cover in 
burned grids recovered to pre-bum levels; this increase coincides with the increase in sparrow 
abundance and productivity. Thus, the amount of dead vegetation appears to affect Seaside Sparrow 
abundance and productivity in my study area. Seaside Sparrows feed primarily on invertebrates gleaned 
off the ground or low vegetation (Post and Greenlaw 1994); litter and dead vegetation may act as a 
substrate for invertebrate prey. In addition, sparrows use mostly dead vegetation for nest construction 
(pers. obs.); removal of dead vegetation through burning probably reduces availability of nesting 
material.
Winter burning may change habitat conditions temporarily to favor bird species that interact 
with, and consequently influence, Seaside Sparrow abundance. For example, Red-winged Blackbird
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(Agelaiusphoeniceus) nesting activity in 1997 was 3 times higher in burned ( x  = 12.8 NAI; SD = 9.6; 
n = 4) than in unbumed ( x  — 3.8; SD = 4.3; n = 4) grids (unpubl. data). In 1998, Red-winged 
Blackbird nesting activity decreased in both burned ( x  = 5.0 NAI; SD = 3.9; n = 4) and unbumed ( x  = 
2.8 NAI; SD = 2.5; n -  4) grids. Blackbirds may compete with Seaside Sparrows for prey or nest sites, 
and frequently harass or chase sparrows from perches (Sykes 1980, pers. obs.).
In 1997,1 encountered > 3 adult sparrows in the same unbumed grids in which they had been 
banded the previous year, suggesting at least some degree of breeding site fidelity in this subspecies. In 
contrast, I encountered only 1 banded sparrow in burned grids, on 19 May 1997. This individual was 
singing from a clump of unbumed vegetation. I conclude that winter burning displaces resident Seaside 
Sparrows from their breeding sites used during the previous year. Displacement of individual sparrows 
may affect their short-term reproductive success by (1) forcing dispersal into nearby habitat of poorer 
quality, (2) increasing population density in good quality habitat, (3) interfering with pair bonds or mate 
fidelity, or (4) delaying territory establishment or nesting activity.
My results indicate that despite initial declines in abundance and productivity, Louisiana 
Seaside Sparrows benefit in the long term from periodic fires; thus, managers should be able to integrate 
practices that benefit both Seaside Sparrows (e.g., occasional winter bums) and waterfowl. Sykes (1980) 
emphasized the importance of properly timed fires to restore Dusky Seaside Sparrow habitat My results 
indicate that 1 complete yearly cycle must pass before vegetation structure in burned marsh recovers to 
levels suitable for breeding Seaside Sparrows. Consequently, burning a marsh more frequently than 
every 2 winters will negatively affect local sparrow populations, especially if no suitable unbumed 
“refugia” marsh is nearby. Taylor (1983) suggested that after 8-10 years without burning, density of 
dead vegetation and ground litter increased beyond suitable levels for Cape Sable Seaside Sparrows. I 
do not know specifically at which point unbumed marshes in Louisiana will become unsuitable for 
Seaside Sparrows, but my research (Chapter 3) suggests that sparrow abundance declines in the third 
year post-bum. At the end of the present study (1998), 3 to 4 years had elapsed since the most recent 
bum in my unbumed grids (T. Hess, unpubl. data); Seaside Sparrow abundance and productivity in 
these grids exhibited minor declines in 1998 compared to 1996. In conclusion, I recommend that marsh
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managers maintain a mosaic of marshes of varying post-bum ages, including parcels of at least 2 but 
less than 5 to 6 years post-bum, to integrate waterfowl and Seaside Sparrow management.
Many bird species that inhabit fire-prone environments depend on periodic fires to maintain 
suitable habitats (e.g., Renwald 1977, Best 1979, Pylypec 1981, Taylor 1983, Herkert 1994, this study). 
Given the evolutionary history and frequent occurrence of lightning fires in Gulf Coast marshes, it is not 
surprising that periodic burning appears necessary to maintain Louisiana Seaside Sparrow habitat. Fire 
is an integral component of the Gulf Coast ecosystem, and I suggest that periodic burning is essential for 
the persistence of species that have evolved in this ecosystem. An important difference between my 
experimental bums and natural lightning fires, however, is the season of occurrence. I conducted my 
experimental bums during winter to mimic current marsh management practices, whereas lightning 
fires occur mostly from June through August. In addition, my study grids were burned only once; the 
frequency at which a specific area of marsh is struck by lightning is unpredictable. Finally, local 
vegetation, soil characteristics, hydrology, natural fire regime, and other factors likely will determine the 
practicality and effectiveness of burning for Seaside Sparrow management in other parts of the breeding 
range. Comparative studies of managed bums of different frequencies or seasonality with natural 
lightning fires would help our understanding of the role of fire in the coastal marsh ecosystem function 
and evolution.
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CHAPTER 6. SUCCESS OF ARTIFICIAL NESTS IN THE GULF COAST CHENIER PLAIN:
EFFECTS OF WINTER BURNING
INTRODUCTION
The Chenier Plain of the northern Gulf of Mexico encompasses 129S km2 of coastal marsh 
from Vermilion Bay, Louisiana to East Bay, Texas (Gosselink 1979). Management burns conducted 
during fall or winter have been a common practice in this region since the 1930s (Nyman and Chabreck 
1995). Public and private landowners bum marshes to alter plant communities and promote food plants 
preferred by muskrats (Odantra zibethicus) and waterfowl (Anatidae), and to reduce fuel buildup that 
could result in catastrophic lightning fires (O'Neil 1949, Nyman and Chabrek 1995). Reproductive 
success of birds that nest in coastal marshes, such as Seaside Sparrows (Ammodramus maritimus) and 
Mottled Ducks (Anas Julvigula), may be affected by these management bums.
Nest predation is a significant cause of mortality for birds (Ricklefs 1969) and is influenced by 
a number of environmental variables such as vegetation structure. According to the concealment-nest 
success hypothesis (Colwell 1992), nest success is positively related to nest concealment and vegetation 
density. Burning temporarily reduces vegetation density (i.e., ground cover, height, etc.) (Whelan 
1995, Chapters 2, 3). Subsequent changes in marsh vegetation may affect nest concealment and 
consequently the probability of discovery by a predator. Artificial nests have been used to investigate 
nest success rates relative to a number of habitat variables including vegetation density or structure 
(Guyn and Clark 1997 and references therein). In this study, I compared effects of winter burning on 
vegetation characteristics and relative success rates of artificial nests in the Chenier Plain of southwest 
Louisiana. Because fire-induced changes in coastal marsh vegetation structure are relatively short-lived 
(<1 year, Mendelssohn et al. 1995, Chapters 2, 3), I predicted that winter burning would not affect 
artificial nest survival in the breeding season following burning (i.e., 5 months post-bum).
I chose Rockefeller State Wildlife Refuge (RWR), in southwestern Louisiana, as a 
representative area of the Gulf Coast Chenier Plain (Figure 6.1). RWR, a 30,700 ha refuge managed by 
the Louisiana Department of Wildlife and Fisheries, is bordered by Louisiana Highway 82 on the north 
and the Gulf of Mexico on the south. The refuge consists of 17 marsh units (impoundments) ranging in 
size from 200 to >4,000 ha (Wicker et al. 1983), and approximately 11,700 ha of unimpounded marshes
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Figure 6.1. Map of Gulf Coast Chenier Plain showing location of Rockefeller State Wildlife Refuge and 
approximate locations of 4 pairs of burned and unburned plots. Solid lines within the refuge boundary 
represent major levees. Solid and empty symbols indicate plots in brackish and saline marsh, 
respectively. Squares represent plots burned in January 1997; circles represent unbumed plots.
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that are exposed to the Gulf. Most impoundments were constructed during the late 1950s and are 
separated by a network of canals. Approximately one-third of the refuge is intentionally burned 
annually between October and January; >2 years are allowed between bums in the same area. 
Lightning-ignited fires are a frequent occurrence on RWR, usually during June through August (0-6 
fires/year during 1993-1998, T. J. Hess, unpubl. data).
STUDY AREA AND METHODS
Marsh types on RWR range from a band of saline marsh along the Gulf Coast, a band of 
brackish marsh further inland, and intermediate marsh still further inland (Chabreck 1970, Chabreck 
and Linscombe 1988). Saline marsh (salinity >10 ppt) is dominated by Spartina altemijlora, S. patens 
and Distichlis spicata. Brackish marsh (5-10 ppt) is characterized by S. patens, D. spicata, and Scirpus 
spp. Intermediate marsh (1-5 ppt) is dominated by Spartina patens (Chabreck 1970, Chabreck 1972, 
Chabreck and Linscombe 1988).
Using vegetation-type and fire-history maps of RWR, I selected study sites that met the 
following criteria: (1) minimum area of 100 ha; (2) presence of a firebreak (bayou or canal); (3) 
homogeneous marsh type and fire history within an area; (4) site accessibility, and (5) absence of other 
research or physical structures potentially damaged by fire. Four sites met these criteria, 2 in brackish 
impoundments, and 1 each in brackish and saline unimpounded marsh. Firebreaks divided each site 
into 2 plots. One plot at each site was randomly chosen to be burned during the 1996-1997 winter. 
Experimental plots were binned on 9 or 18 January 1997, after 1 year of pre-bum data collection. I 
conducted my study of artificial nest success in May-June 1996 (pre-burning) and 1997 (post-burning).
I simulated nests of Seaside Sparrows and Mottled Ducks, 2 common species that nest 
primarily in coastal marshes. Artificial sparrow nests consisted of grass tied in a knot, containing 3 
Cotumix eggs, and supported in vegetation about 30 cm above ground level (Post and Greenlaw 1994).
If the vegetation at a nest site was sparse, artificial sparrow nests were placed on the ground. Artificial 
duck nests consisted of a ring of grass on the ground, containing 8 chicken eggs, and were covered with 
a layer of shredded vegetation. AU nests were made of vegetation readily available at the nest location.
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At each of the 8 plots, I established a transect of 10 points located 25 m apart, marked with 
yellow surveying flags. At each point, 1 sparrow nest was randomly assigned placement on 1 side of the 
transect; a duck nest was placed on the other side (total 20 nests/transect). Nests were placed a random 
distance (5-30 m) from each point Nest locations were marked with 1 or 2 small pieces of flagging 1 m 
from the nest In 1997,8 new transects were located within the original plots but 100-300 m from 
transects used in 1996. Nests were laid out in the same pattern and distance as in 1996. In both years, 
nests were placed on May 21-22.
All nests were exposed for 14 days, equal to the laying and incubation period for Seaside 
Sparrows (Post and Greenlaw 1994). On day 14,1 recorded numbers of eggs missing, depredated, or 
intact in the nest, along with any sign of predators. I considered a nest successful if >1 intact egg was 
present in the nest after 14 days. I considered a nest unsuccessful if no intact eggs were present after 14 
days, if the nest had fallen over (indicating discovery by a predator), or if the flag but not the nest was 
found.
On day 14,1 quantified vegetation characteristics along transects at a point 1 m from each 
yellow surveying flag. Visual obstruction was used to index plant height and density, and was recorded 
at each point following methods described by Robel et al. (1970). Percent ground cover at each point 
was determined by laying a 1-m pole marked at 0.1-m intervals on the ground and determining the 
percent of the pole covered (Chabreck et al. 1985). Percent ground cover was recorded as Class 7 = 76- 
100%, Class 6 = 51-75%, Class 5 = 26-50%, Class 4 = 6-25%, Class 3 = 1-5%, Class 2 = 2-3 
individuals, Class 1 = single stem (Muller-Dambois and Ellenberg 1974). To convert categorical 
percent cover scores to a continuous scale, I used the midpoint of each cover class (i.e., Class 7 = 87.5%, 
Class 6 = 62.5, Class 5 = 37.5, Class 4 = 15, Class 3 = 2.5, and Classes 2 and 1 = 0.5 [Agresti 1996,
Pahl et al. 1997]). Data from the 10 vegetation points on a transect were averaged to give 1 
value/transect.
I used a Before-After-Control-Impact (BACI) design (Sokal and Rohlf 1981, Underwood 1991), 
with YEAR (1996,1997) as the time effect and bum treatment (BURN, burned or unbumed) as the 
impact effect. With this design, the YEAR and BURN main effects are confounded (burned plots were
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burned only during the second year); therefore, only the YEAR x BURN interaction is of interest. 
Because study sites were in impounded and unimpounded marshes, I included management type 
(MANAGE, impounded or unimpounded) as a block effect in the model. I analyzed response variables 
(proportion of successful nests/transect for each nest type, visual obstruction, and percent ground cover) 
using the GLM Procedure (SAS Institute 1990). For all analyses, I used the LSMEANS option in the 
GLM Procedure to determine differences among means when a significant effect was detected. I used 
the arcsine-transformation (Sokal and Rohlf 1981) on nest success proportions; these means and 
confidence intervals are reported as back-transformed values. Because only 4 sites were available at 
RWR that met my criteria and concomitantly low statistical power, I selected a priori a significance 
level of 0.10 (Cohen 1977).
RESULTS
The YEAR x BURN interaction was not significant for either artificial sparrow (P = 0.41) or 
artificial duck nests (P = 0.19, Table 6.1). A mean of 41.3% (95% C.I. = 18.4 -  66.1) and 76.1% (95% 
C.I. = 48.4 -  95.2) sparrow and duck nests/transect, respectively, were successful.
At least 1 egg was removed from 38%, eggshell fragments were present in 3%, and >1 egg was 
removed and eggshell fragments were present in 18% of artificial sparrow nests (n = 160). At least 1 
egg was removed from 5%, eggshell fragments were present in 14%, and >1 egg was removed and 
eggshell fragments were present in 24% of artificial duck nests (n = 160). Based on appearance of eggs 
and nests (Rearden 1951), I suspected raccoons (Procyon lotor) or other mammals were responsible for 
most nest depredation. Other potential mammalian predators present in my study area include rice rats 
iOryzomys palustris) and canids (Martin et al. 1987).
I detected no significant YEAR x BURN interaction for either vegetation structure variable 
(visual obstruction: P  = 0.58; percent ground cover: P = 0.86, Table 6.1). Mean visual obstruction score 
and percent cover were 7.1 (95% C.I. = 6.2-8.1) and 79.3% (95% C.I. = 73.8-84.7), respectively. 
DISCUSSION
I found that vegetation characteristics did not differ between burned and unbumed plots after 5 
months of vegetation recovery. Accordingly, the concealment-nest success hypothesis predicts no
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Table 6.1. Results of ANOVAs of vegetation characteristics and proportion of successful artificial nests in burned or unbumed plots on Rockefeller State 
Wildlife Refuge in southwest Louisiana during June 1996 and 1997.
Source1
Visual obstruction Percent total cover Sparrow nests Duck nests
df MS2 F P MS F P MS F P MS F P
MANAGE 1 13.51 840.27 459.67 19.56
YEAR 1 7.98 4.43 0.06 7.63 0.12 0.74 34.75 0.04 0.85 274.98 0.25 0.63
BURN 1 1.63 0.90 0.36 52.38 0.79 0.39 397.00 0.46 0.51 216.01 0.20 0.66
BURN x YEAR 1 0.60 0.33 0.58 2.21 0.03 0.86 644.4 0.74 0.41 2159.69 1.99 0.19
Residual3 11 1.80 66.06 867.51 1087.78
1 MANAGE = impounded or unimpounded; YEAR = 1996 or 1997; BURN = burned or unbumed.
2 Mean squares.
3 All explanatory variables were tested with Residual mean squares as the denominator.
differences in nest success in response to bum treatment. Success of artificial sparrow and duck nests is 
consistent with the prediction, suggesting that vegetation cover is a key factor influencing avian nest 
success in Chenier Plain marshes.
Timing and frequency of management bums can affect success rates of artificial (Hendricks and 
Reinking 1994) and natural nests (Best 1979, Johnson and Temple 1990). I burned study plots in 
January to mimic current management practices, and conducted my artificial nest experiment during 2 
weeks in late May and June of each year. Consequently, subsequent vegetation recovery spanned 5 
months. However, Mottled Ducks breed from January to July, and peak nest initiation occurs in late 
March-April (Moorman and Gray 1994). Southern populations of Seaside Sparrows ofien initiate nests 
in March or April (Post and Greenlaw 1994, pers. obs.). Winter burning may impact nest success of 
early nesting individuals if the time between burning and nest initiation is too short to allow sufficient 
vegetation recovery. My previous research (Chapters 2, 3) demonstrated that fire-induced changes in 
vegetation persist for >2 but <6 months immediately following burning. Therefore, I suggest that 
managers do not bum marshes later than early January to allow at least 3-4 months of vegetation 
recovery between burning and peak nest initiation.
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CHAPTER 7. SUMMARY AND CONCLUSIONS
Many marshes of the Gulf Coast Chenier Plain are managed through a combination of winter 
burning and structural marsh management (SMM). Management objectives include improving habitats 
for waterfowl and furbearers and reducing wetland loss. These practices have been scrutinized recently 
because of concerns regarding ability to achieve these goals coupled with potential negative effects on 
other marsh processes or organisms. I investigated the effects of winter burning and SMM on plant and 
bird communities of Chenier Plain marshes in southwest Louisiana.
I found that winter burning dramatically altered vegetation structure during the first post-bum 
winter (January-February). Consequently, bird species abundance and composition differed between 
burned and unburaed experimental plots. Sparrows and wrens were absent from burned plots apparently 
because of a lack of vegetative cover. Conversely, icterids were more abundant in burned than in 
unbumed plots (Chapter 2). Although measures of vegetation structure recovered relatively rapidly and 
were similar to pre-bum levels by the first post-bum summer (April-June), total bird abundance and 
sparrow abundance were higher in unbumed marshes during the first post-fire summer (Chapter 3). 
However, bird abundance or species composition did not differ between treatments during the second 
post-bum winter (Chapter 2). Thus, winter burning has an immediate but relatively short-lived (less 
than 1 year) effect on coastal marsh bird communities.
I found that certain bird species benefited from winter burning in the long-term, despite initial 
temporary declines in abundance. Total bird abundance and sparrow abundance were 1.4 and 2.6 times 
higher, respectively, in burned than in unbumed marshes during the second post-bum summer (Chapter 
3). A detailed study of Louisiana Seaside Sparrow responses to winter burning showed initial declines 
in abundance of males and a productivity index during the first post-bum breeding season (April-July) 
(Chapter 5). By the second post-bum breeding season, however, Seaside Sparrows were significantly 
more abundant in burned than in unbumed marshes. In my study, Louisiana Seaside Sparrow 
abundance began to decline in plots within which 3 to 4 years had elapsed since the last bum. Thus,
Gulf Coast Seaside Sparrow populations seemingly depend on periodic fires to maintain suitable habitat.
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Winter burning did not affect survival of artificial Seaside Sparrow or Mottled Duck nests 
following 5 months of vegetation recovery since the bum (Chapter 6). However, given the marked 
decrease in vegetation cover during the first 2 months post-bum (Chapter 2), winter burning may impact 
nesting success of early nesting individuals if  the time between burning and nest initiation is too short to 
allow for sufficient vegetation recovery.
I found that winter burning in the Gulf Coast Chenier Plain generally did not alter significantly 
winter or summer plant species composition (Chapters 2, 3,4). Species present in unbumed plots also 
were present in burned plots, and only a few minor species invaded burned plots in the first post-fire 
growing season. Plant species richness and vegetation structure (i.e., visual obstruction and ground 
cover) recover rapidly (less than 1 year) following burning (Chapters 2, 3). However, I found that total 
above-ground and dead above-ground biomass in burned marshes remained below those in unbumed 
marshes for several years despite an increase in biomass of live vegetation (Chapter 4). Thus, a major 
consequence of winter burning is removal of dead vegetation and a reduction in biomass that may 
impact marsh processes dependent on organic matter accumulation and decay (i.e., vertical accretion or 
nutrient cycles).
Given the evolutionary history and frequent occurrence of lightning fires in Gulf Coast 
marshes, it is not surprising that burning has only short-term effects on coastal marsh bird communities. 
In addition, winter burning had only minor impacts on coastal marsh plant communities, indicating that 
these coastal species are fire-adapted. An important difference between my experimental bums and 
natural lightning fires, however, is the season of occurrence. I conducted my experimental bums during 
winter to mimic current marsh management practices, whereas lightning fires occur mostly from June 
through August In addition, my study marshes were burned only once; the frequency at which a 
specific area of marsh is struck by lightning is unpredictable. Finally, local vegetation, soil 
characteristics, hydrology, natural fire regime, and other factors likely will determine the practicality 
and effectiveness of burning for marsh management in other coastal regions. Comparative studies of 
managed bums of different frequencies or seasonality with natural lightning fires would help our 
understanding of the role of fire in the coastal marsh ecosystem function and evolution.
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My results indicate that management type has more pronounced effects on Chenier Plain plant 
and bird communities than does burning. Vegetation structure differed between impounded and 
unimpounded marshes during both winter and summer (Chapters 2, 3); consequently, bird communities 
also differed between management types. Abundance of birds associated with open water or mudflats 
generally was greater in impounded than in unimpounded marshes (Chapters 2, 3). However, sparrows 
were much more abundant in unimpounded marshes, suggesting that conservation of coastal marsh 
sparrows depends on conservation and creation of tidally-influence brackish or saline marshes. My 
results indicate that although many groups of birds utilize Chenier Plain marshes during winter and 
summer, these groups differ in their specific habitat requirements. I also observed that burning and 
impoundment interacted to inhibit Spartina patens productivity (Chapter 4). In addition, impounded 
marshes in my study had lower below-ground biomass than did unimpounded marshes. Current marsh 
management practices can influence marsh primary productivity; these changes may impact other marsh 
processes dependent on organic matter accumulation and decay.
My results clearly show that current management practices (winter burning and SMM) 
implemented for one purpose (i.e., waterfowl foraging habitat) can affect other marsh organisms and 
processes. Managers can reduce these effects by integrating the following recommendations into current 
management programs: (1) leave scattered clumps of unbumed vegetation within burned areas to 
provide cover for wintering passerines; (2) create a mosaic of burned and unbumed marshes so that 
birds displaced from burned marshes have access to unbumed “refiigia” marshes; (3) conduct bums no 
later than early January so that sufficient vegetation growth can occur before early nesting birds initiate 
nests in March or April; (4) maintain a mosaic of marshes of different bum schedules, including those 
of at least 2 to less than 5 or 6 years post-bum; (5) maintain a diverse wetland complex to meet the 
habitat requirements of the many bird speices that depend on Chenier Plain marshes (i.e., 
impoundments managed for waterfowl foraging habitat interspersed with those managed for passerine 
wintering or breeding habitat); and (6) restore natural sedimentation processes that will create and 
maintain tidally influenced marshes.
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